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Preface 


This Book is devoted to the proceedings of the Sixth International Conference 
on Number Theory and Smarandache Notions held in Tianshui during April 24-25, 
2010. The organizers were myself and Professor Wangsheng He from Tianshui 
Normal University. The conference was supported by Tianshui Normal University 
and there were more than 100 participants. We had one foreign guest, Professor 
K.Chakraborty from India. The conference was a great success and will give a 
strong impact on the development of number theory in general and Smarandache 
Notions in particular. We hope this will become a tradition in our country and will 
continue to grow. And indeed we are planning to organize the seventh conference 
in coming March which will be held in Weinan, a beautiful city of shaanxi. 

In the volume we assemble not only those papers which were presented at the 
conference but also those papers which were submitted later and are concerned 
with the Smarandache type problems or other mathematical problems. 

There are a few papers which are not directly related to but should fall within 
the scope of Smarandache type problems. They are 1. A. K. S. Chandra Sekhar Rao, 
On Smarandache Semigroups; 2. X. Pan and Y. Shao, A Note on Smarandache 
non-associative rings; 3. Jiangmin Gu, A arithmetical function mean value of 
binary; etc. 

Other papers are concerned with the number-theoretic Smarandache problems 
and will enrich the already rich stock of results on them. 

Readers can learn various techniques used in number theory and will get 
familiar with the beautiful identities and sharp asymptotic formulas obtained in the 
volume. 

Researchers can download books on the Smarandache notions from the 
following open source Digital Library of Science: 

www.gallup.unm.edu/~smarandache/eBooks-otherformats.htm. 


Wenpeng Zhang 
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The Smarandache sums of products for 
E(n,r) and O(n,r) 


Xiaoyan Li ! and Xin Wu * 
Department of Mathematics, Northwest University, Xi'an, Shaanxi, P.R.China 


Abstract The main purpose of this paper is using the elementary methods to study the 


properties of the function E(n,r) and O(n,r), and get two calculating formulaes for them. 


Keywords The Smarandache sums of products, binomial theorem. 


91. Introduction 


'This paper deals with the sums of products of first n even and odd natural numbers, taken 
r at a time. Many interesting results about these two functions are obtained. For example, 
Mr. Ramasubramanian [1] and Anant W. Vyawahare [3] have already made some work in this 
direction. This paper is an extension of their work. 

Definition. For any positive integer n and r, E(n,r) are the sums of products of first 
n even natural numbers, taken r at a time, r < n. O(n,r) are the sums of products of first n 
odd natural numbers, taken r at a time, r < n, they are also without repeatition. 

For example: 

E(4,1) 2 2-4 64- 8 — 20, 


E(4,2) =2-44+2-64+2-84+4-6+4-8+6-8= 140, 

E(4,3) 2 2-4-64-2-4-8--4-6-84-2- 6-8 — 400, 

E(4,4) 2 2-4. 6.8 = 384, 

O(4,1) =34+5+74+9=24, 

O(4,2) =3-54+3-74+3-945-74+5-94+7-9 = 206, 

O(4,3) =3-5-74+3-5-94+5-7-94+3-7-9 = 744, 
O(4,4) =3-5-7-9 = 945. 


We assume that E(n,0) = O(n,0) =1 
About the properties of functions E(n,r) and O(n,r), we can obtain some interesting 


conclusions from their definitions. Following are some elementary properties of E(n,r) and 





O(n, r): 
1. E(n,n) = 2nE(n — 1,n — 1), 
2. O(n,n) = (2n + 1)0(n — 1,n — 1), 
3. E(n, 1) = n(n 1), 
4. O(n, 1) 2 n(n 4- 2), 
)(p+4)(p+6) --- (p-- 2n) = E(n,0)p"+ E(n, 1)p" + E(n,2)p"? + E(n, 3p"? + 


n,n — l)p- E(n,n), 
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6. (p+3)(p+5)(p+7) --- (p+2n+1) = O(n, 0)p"+O(n, 1)p"-1+O(n, 2)p"-?+O(n, 3)p^ 34 
set ep O(n,n 7 1)p + O(n, n), 

7. E(n,0) + E(n,1) + E(n,2) +--+ E(n,n) = O(n+1,n +1), that is $5. y E(n,r) = 
O(n - 1,n4 1), 
8. O(n,0) + O(n, 1) + O(n, 2) 4- --- - O(n,n) = E(n + 1,n + 1)/2, that is 37» 5, O(n,r) = 
E(n+1,n+1)/2. 

The 7th and 8th properties can be obtained by putting p = 1 in the 5th and 6th properties. 




















From these properties, we can use the elementary methods to study the expanding expres- 
sions for E(n,r) and O(n,r). The main purpose of this paper is using the elementary method 
to study this problem, and prove the following conclusions: 


Theorem 1. For any positive integer n and r, we have the following formulas: 


E(nor = E(rr)-2nE(n—1l,r—1)-2(n—1)E(n—-2,r—1) 4 
2(n—2)E(n —3,r — 1) - --- --2(r - 1) E(r,r — 1)) 

[2^ C7 1 E(n,0) + 2 ! CL E(n,1) + 27 ?C7 1 E(n, 2) + 
ed 202 En r— 1)] /r. 


Theorem 2. For any positive integer n and r, we have the following formulas: 











O(n,r) = O(r,r) + (2n - 1)O(n — l,r — 1) + (2n - 1)O(n 2, r — 1) 4 
(2n — 3)O(n — 3,r — 1) +--+ (2r + 3)O(r,r — 1)) 
= [O(n,0) (2707 3.27707) + O(n, 1) 2^7 C5 3-277051) + 


O(n, 2) Ces OE T3: 2-0) spem O(n, p= 1) Cem se SEL ss] [r 


§2. Proof of the theorems 


In this section, we shall complete the proof of our Theorems. First we give two simple 
Lemmas (see [1]) which are necessary in the proof of our theorems. 
Lemma 1. For any positive number n and r, we have the identity 


E(n,r) = E(n—1,r)+2nE(n—-1,r—-—1), r «m. 
Lemma 2. For any positive number n and r, we have the identity 
O(n,r) = O(n = 1,r) + 2(n+ 1)O(n—l,r—1), r «m. 


Now we use these two Lemmas to prove our conclusions. First we use the elementary 
method to obtain a formula. 

From Lemma 1 we know that E(n,r) = E(n—1,r)+2nE(n—1,r—1), r< n. Using this 
result repeatedly, we have: 





E(n,r) 2 E(n — 1,r) + 2nE(n — 1,r — 1), 


E(n —1,r) = E(n —2,7r) + 2(n — 1) E(n — 2, r — 1), 
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E(n —2,r) = E(n—3,r) + 2(n - 2) E(n - 3,r — 1), 
E(n —3,r) = E(n — 4,r) + 2(n — 3)E(n — 4, r — 1), 








E(r+1,r) = E(r,r) + 2(r - 1) E(r, r — 1). 
Adding the above formulas we get: 


E(n,r) = E(rr)-2nE(n-1,r—1)-42(n— I)E(n —2,r — 1)4 
2(n.— 2)EB(n— 3,r — 1) +e 2(r +1)E(r,r — 15. (1) 





The equation (1) is the first part of Theorem 1, now we prove the second part. Also, from 
the 5th property of E(n,r), we have: 


(p + 2)(p + 4)(p 4- 6) --- (p +2n)(p + 2n + 2) 
= E(n-41,0)p**! + E(n 4 1, 1)p" + E(n+1,2)p™ 1+ 
E(n +1,3)? + ++» + E(n-- 1,r - 1)p^7* -.- -- E(n - 1,n 4- 1). (2) 











Left hand side of (2) is 








(p+ 2)(p-- 2 --2)(p-- 2-- 4)(p - 2 - 6)---(p-F2--2n — 2)(p - 2 - 2n) 
pa 





= (p+2){E(n,0)(p +2)” + E(n, I) (p-- 27 +--+ E(n,r)(p-- 1)"7* +--+ + E(n,n)} 
= E(n,0)(p+2)"**  E(n, 1)(p + 2)" ---- + E(n,r)(p-2)^7*! + 
+» + E(n,n)(p +2). (3) 
Expanding each of (p--2)"^*!, (p+2)", (p+2)""1, ..., (p+2)"-'*!, by binomial 


theorem, we get the right hand side of (3) is: 

E(n,0) [C9 apt + 2C] p" 27H 0L pnt + -o + 2nU oH] 
+ E(n1) [Chp --2Czp" 7 4-2" 0z p^ 2^0] 
+  E(n,2) [Ch 19"! + 2C 1p"? 21 0 p^ + 0277105] 











+ E(n,r) [e T + 30 ee Tec germen a] 


n—r- 


+ E(n,r +1) [C_p + 2C] p TT] + e $227 OR TT] 


n—Tr 


o E(n,n\(p + 2). (4) 








Comparing the coefficients of p^^* from right hand side of (2) and (4), we get 


E(n+1,r +1) 
27H 071 E(n,0) + 2°C} E(n, 1) - 2" 1 C7 1E(n,2) + 
ecl 20, pm, r)-- C2 ,E(n,r +1). 


Simultaneously, we have the following formula from Lemma 1: 


E(n+1,r4+1) = E(n,r +1) + 2(n 4- 1) E(n, r). 
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Then we know that 
E(n,r +1) 4- 2(n - 1) E(n,r) 
27H O7 1 E(n,0) -2^C7 E(n, 1) + 2" 1 C7 1E(n,2) + 
e 201 E(n,r) + Co_,E(n,r +1) 


TL —T- 





or 

2(n ES 1)E(n, r) m 2€ vag Bn, r) 

27 07 1 E(n,0) -2^C7 E(n, 1) + 2" 1 C7 1E(n,2) + 
2202. 5E(n, r — 1). 


Because Cl ,,, = n— r +1, we have 
2(n + 1)E(n,r) — 2C], ,E(n,r) 
= [X(n41)-2€; 4) E(n,r) 
= 2[n41-(n-r-41)| E(n,T) 
= 2rE(n,r) 
2r*1ont1 E(n,0) -2707 E(n 1) + 27 107 1E(n,2) + 
2202 5 E(n,r — 1). 








Hence, 
E(nr) = {2CHI E(n,0) +2710} E(n,1) + 27 7C, 1E(n,2) + 
e+ 2C2 , 3E(n, T — 1) /r. 


Combining (1) and (5) we may immediately deduce Theorem 1. 
Corollary 1. For any positive integer n, we have 


E(n, 2) = n(n + 1)(n — 1)(2 + 3n)/6. 
In fact, if taking r — 2 in (5), then 
E(n,2) = 2C3,, E(n,0) + C2 E(n,1) = n(n + 1)(n — 1)(2 + 3n)/6. 
If taking r — 2 in (1), then 





E(n,2) = E(2,2)- 2nE(n — 1,1) - 2(n — 1)E(n — 2,1) 4 
2(n — 2)E(n — 3,1) +--- + 6E(2,1) 











= 8+2% P( -1) 
1—3 
= 8+2 D D — (18 + 2°) - (1? + 2?) 


= n2(n +1)?/2—n(n+1)(2Qn+1)/3 
= n(n+1)(n — 1)(2 + 3n)/6. 
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'This completes the proof of Corollary 1. 

Similarly, we can use the same method to prove Theorem 2. From Lemma 2 we know that 
O(n,r) = O(n—1,r)-4- (2n4- 1)O(n— 1,r — 1),r < n. Using this result repeatedly, the following 
formulas can be obtained: 




















O(r +1,r) = O(r, T) + (2r 4- 3)O(r, r — 1). 


Adding the above formulas we get: 





O(n,r) = O(r,r)+ (2n 4- D)O(n — 1, r — 1) + (2n — 1)O(m — 2, r — 1) 4 
(2n — 3)O(n — 3,r — 1) + -+ (2r - 3)O(r, r — 1)). (6) 








'This is the first part of Theorem 2. Now we prove the second part of Theorem 2. 


Because 
(p -- 3)(p t 5)(p - 7) --- (p+ 2n - 1)(p 2n + 3) 


= O(n AF: 1, 0)p” + g% O(n | 1, 1)p” | O(n | 1,2)p^-7! + 
O(n - 1,3)p"7? +- + O(n-- 1l, r - Dp^7* +- -O(n- 1,n 4 1). (T) 














Left hand side of (7) is 








a poss a a por aa ger (popa ca pp acp pedis 
= (p+3){O(n,0)(p + 2)" + O(n, 1)(p-F 2^! +- 
O(n,r)(p + 2)7* +--+ O(n,n)} (8) 














Expanding each of (p-- 2)", (p -- 2)"-1, (p--2)^3,... ,(p+2)"-"*1, by binomial theorem, 
the right hand side of (8) is: 











(p + 3) (O(n,0) [C&p” + 201p"-1 27 07 pn eoe 207] 
+ O(n,1) Cao T ac apt dd: PIU ape tech Neg Ca 
+ O(n,2) [C2 29"? + 22 9p" ? 27 105 ap TTT] +e + 27 -2OR Ta 











+ O(n,r) (Cle "E205 .g" T pee 2 TOP c] 
ae; O(n, r+ 1) Cea de BUT capt JE tei Shs 2 tX 


n—r—1 
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Now, comparing the coefficients of p"^" from right side of (7) and (9), we get 


O(n+1,r+1) 

= 2tlorto(n,0) + 2767 10(n, 1) + 2"-*C"_5O(n, 2) + 
++ 20) O(n, r) + Co_,_,O(n,r + 1) + 3[2"C"0(n,0) + 
27710771 -277?607720(n,2) +- +2C,_,.4,O0(n,r — 1) + C2 ,O(nr)]. 








Simultaneously, from Lemma 2, we have: 


O(n +1,r+1) = O(n, v 4- 1) 4- (2n 4- 3)O(n, r), 


and 
O(n, r -- 1) + (2n + 3)O(n, r) 
= gore 0) + 2707 O(n, 1) +27 107 10(n,2) + 
e 2Cl O(n, r) + CD... ,O(n,r + 1) +3 [2^ CZ2O0(n,0) + 
27-107-10(n,1) --277?07-720(n,2) +--+ + 
207 400 E= 1) T QI D, r)] , 
or 


(2n + 3)O(n, r) — 2C1 ,O(n,r) — 3C°_,.O(n,r) 

= attort!O(n,0) + 2°C"_,O(n,1) + 
277107-10(n,2) +--+ + 27C?_,,,0(n,r — 1) +3 P" CTO(n, 0)+ 
27 107-7 10(n, r) + 27 ?C7 20(n,2) +--+ + 2C], ,0(n, 7 — 1)]. 





: 1 — 0 
Since C; ,—mn-—r and C; , = 1, we have 


(2n + 3)O(n, r) — 2C1 .O(n,r) - 3CD9. .O(n,r) 

= 2rO(n,r) 

= 20Hg9rnl0(,0)--2^07 4O0(n,1) + 27-1073 O(n, 2) + 
++ $2707 _ 40(n;r — 1) +3 2"C70(n,0) + 27107 -10(n, 1) + 
27707 30(n,2) +- +2C)_,4,0(n,r — 1)]. 


Therefore 
O(n,r) = [O(n0)(27C7"7 -3.27!C72) + 
O(n, 1) (271C7 , 3.277071) + 
O(n, 2) (27-707 4-327307 2) + 








O(n, eS 1) [p d RS 305 5] ph 


Now our Theorem 2 follows from (6) and (10). 
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Corollary 2. For any positive integer n, we have 
O(n, 2) = n(n — 1)(3n? + 11n + 11)/6. 
Taking r — 2 in (10), we have 


O(n,2) = [O(n,0)(4C8 + 6C2) + O(n,1)(2C2. , - 3C2 ,)] /2 
= n(n—1)(3n?+11n+4+11)/6. 





If taking r = 2 in (6), we can also get 


O(n,2) = O(2,2) + (2n+1)O(n — 1,1) + (2n — 1)O(n — 2,1) 4 
(2n — DOM — 3,1) qc 70(2,1) 


= 15+ (2+1)(p-1)(p+1) 





p=3 
= $ (2p+1)(p-1)(p+1) 
= J (2P -2p+p-1) 





= n’(n+1)}/2-n(n+1)+n(n+1)(2n+1)/6-n 
= n(n—1)(8n? + 11n + 11)/6. 





This completes the proof of Corollary 2. 
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Smarandache isotopy of second 
Smarandache Bol loops 


Temitdépé Gbóláhàn Jaíyéolá 


Department of Mathematics, Obafemi Awolowo University, Ile Ife 220005, Nigeria 
E-mail: jaiyeolatemitopeQyahoo.com  tjayeolaQoauife.edu.ng 


Abstract The pair (Gy,-) is called a special loop if (G,-) is a loop with an arbitrary subloop 
(H, -) called its special subloop. A special loop (Gr, -) is called a second Smarandache Bol loop 
(Səna BL) if and only if it obeys the second Smarandache Bol identity (xs - z)s = x(sz - s) for 
all z, z in G and s in H. The popularly known and well studied class of loops called Bol loops 
fall into this class and so Sna BLs generalize Bol loops. The Smarandache isotopy of Sana BLs 
is introduced and studied for the first time. It is shown that every Smarandache isotope (S- 
isotope) of a special loop is Smarandache isomorphic (S-isomorphic) to a S-principal isotope 
of the special loop. It is established that every special loop that is S-isotopic to a Sana BL is 
itself a Sona BL. A special loop is called a Smarandache G-special loop (SGS-loop) if and only 
if every special loop that is S-isotopic to it is S-isomorphic to it. A SjnaBL is shown to be 
a SGS-loop if and only if each element of its special subloop is a S1« companion for a Syst 
pseudo-automorphism of the S444 BL. The results in this work generalize the results on the 


isotopy of Bol loops as can be found in the Ph. D. thesis of D. A. Robinson. 
Keywords IrrG, RC-graphs, Corea H. 


91. Introduction 


'The study of the Smarandache concept in groupoids was initiated by W. B. Vasantha 
Kandasamy in [24]. In her book [22] and first paper [23] on Smarandache concept in loops, 
she defined a Smarandache loop (S-loop) as a loop with at least a subloop which forms a 
subgroup under the binary operation of the loop. The present author has contributed to the 
study of S-quasigroups and S-loops in [5]-|12] by introducing some new concepts immediately 
after the works of Muktibodh [15]-[16]. His recent monograph [14] gives inter-relationships and 
connections between and among the various Smarandache concepts and notions that have been 
developed in the aforementioned papers. 

But in the quest of developing the concept of Smarandache quasigroups and loops into a 
theory of its own just as in quasigroups and loop theory (see [1]- 4], [17], [22]); there is the need 
to introduce identities for types and varieties of Smarandache quasigroups and loops. This led 
Jaíyéolá [8] to the introduction of second Smarandache Bol loop (Səna BL) described by the 
second Smarandache Bol identity (xs - z)s = z(sz - s) for all z, z in G and s in H where the 
pair (Gy,-) is called a special loop if (G,-) is a loop with an arbitrary subloop (H,-). For 
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now, a Smarandache loop or Smarandache quasigroup will be called a first Smarandache loop 
(S$1«-loop) or first Smarandache quasigroup (81«-quasigroup). 

Let L be a non-empty set. Define a binary operation (-) on L: if x-y € L for all z,y € L, 
(L,-) is called a groupoid. If the equations: a- a = b and y-a = b have unique solutions 
for x and y respectively, then (L,-) is called a quasigroup. For each x € L, the elements 


7h td st” = zJ, € L such that zz? = e? and aa = eò 


are called the right, left inverses of x 
respectively. Furthermore, if there exists a unique element e = e, = e in L called the identity 
element such that for all x in L, x: e — e: z = z, (L,-) is called a loop. We write xy instead of 
x- y, and stipulate that - has lower priority than juxtaposition among factors to be multiplied. 
For instance, x -yz stands for z(yz). A loop is called a right Bol loop (Bol loop in short) if and 
only if it obeys the identity 
(zy: z)y = x(yz : y). 

This class of loops was the first to catch the attention of loop theorists and the first compre- 
hensive study of this class of loops was carried out by Robinson H’, 

'The popularly known and well studied class of loops called Bol loops fall into the class of 
Səna BLs and so S4:4BLs generalize Bol loops. The aim of this work is to introduce and study 
for the first time, the Smarandache isotopy of SgnaBLs. It is shown that every Smarandache 
isotope (S-isotope) of a special loop is Smarandache isomorphic (S-isomorphic) to a S-principal 
isotope of the special loop. It is established that every special loop that is S-isotopic to a 
Sona BL is itself a Sona BL. A Sona BL is shown to be a Smarandache G-special loop if and only if 
each element of its special subloop is a Sst companion for a S4« pseudo-automorphism of the 
Səna BL. The results in this work generalize the results on the isotopy of Bol loops as can be 
found in the Ph. D. thesis of D. A. Robinson. 


92. Preliminaries 


Definition 1. Let (G,-) be a quasigroup with an arbitrary non-trivial subquasigroup 
(H,-). Then, (Gg,-) is called a special quasigroup with special subquasigroup (H,-). If (G,-) 
is a loop with an arbitrary non-trivial subloop (H,-). Then, (Gy,-) is called a special loop 
with special subloop (H,-). If (H,-) is of exponent 2, then (Gy,-) is called a special loop of 
Smarandache exponent 2. 

A special quasigroup (Gg,:) is called a second Smarandache right Bol quasigroup (Sgna- 
right Bol quasigroup) or simply a second Smarandache Bol quasigroup (Sgna-Bol quasigroup) 
and abbreviated Səna RBQ or Sona BQ if and only if it obeys the second Smarandache Bol identity 
(S2»4-Bol identity) i.e Səna BI 


(as-z)s = x(sz- s) for all x,z € G and s € H. (1) 


Hence, if (Gg,-) is a special loop, and it obeys the SgnaBI, it is called a second Smarandache 
Bol loop (Sgna-Bol loop) and abbreviated Sana BL. 

Remark 1. A Smarandache Bol loop (i.e a loop with at least a non-trivial subloop that 
is a Bol loop) will now be called a first Smarandache Bol loop (S1«-Bol loop). It is easy to see 
that a SonaBL is a Sys BL. But the converse is not generally true. So SgnaBLs are particular 
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types of Ss- BL. Their study can be used to generalise existing results in the theory of Bol loops 
by simply forcing H to be equal to G. 

Definition 2. Let (G,-) be a quasigroup (loop). It is called a right inverse property 
quasigroup (loop) [RIPQ(RIPL)] if and only if it obeys the right inverse property (RIP) yz:z? = 
y for all z, y € G. Similarly, it is called a left inverse property quasigroup (loop) [LIPQ(LIPL)) 
if and only if it obeys the left inverse property (LIP) z^ zy = y for all z,y € G. Hence, it is 
called an inverse property quasigroup (loop) [IPQ(IPL)] if and only if it obeys both the RIP 
and LIP. 

(G,-) is called a right alternative property quasigroup (loop) [RAPQ(RAPL)] if and only 
if it obeys the right alternative property(RAP) y- xx = yz- x for all x,y € G. Similarly, it is 
called a left alternative property quasigroup (loop) [LAPQ(LAPL)] if and only if it obeys the 
left alternative property (LAP) zz- y = x: xy for all x,y € G. Hence, it is called an alternative 
property quasigroup (loop) [APQ(APL)] if and only if it obeys both the RAP and LAP. 

The bijection Ly : G — G defined as yL, = x- y for all x,y € G is called a left translation 
(multiplication) of G while the bijection Rys : G — G defined as yR, = y: x for all x,y € G is 
called a right translation (multiplication) of G. Let 


and note that 
qNy—zerz—y and y/[y— zz: yr. 


The operations V and / are called the left and right divisions respectively. We stipulate that 
/ and \ have higher priority than - among factors to be multiplied. For instance, zr - y/z and 
x-y\z stand for z(y/z) and z - (y\z) respectively. 

(G,-) is said to be a right power alternative property loop (RPAPL) if and only if it obeys 
the right power alternative property (RPAP) 


xy” = (((xy)y)vu)u--- y ie. Ryn = Ry for all x,y € G and n € Z. 
andis pL NEST, 


n-times 


The right nucleus of G denoted by N,(G,-) = N,(G) = {a € G : y: xa = yz -a Y x,y € G}. 

Let (Gy,-) be a special quasigroup (loop). It is called a second Smarandache right inverse 
property quasigroup (loop) [SgnaRIPQ(SgnaRIPL)] if and only if it obeys the second Smaran- 
dache right inverse property (SgnaRIP) ys - s? = y for all y € G and s € H. Similarly, it is 
called a second Smarandache left inverse property quasigroup (loop) [Sana LIPQ(S2na LIPL)] if 
and only if it obeys the second Smarandache left inverse property(Ss4LIP) sò- sy = y for all 
y € G and s € H. Hence, it is called a second Smarandache inverse property quasigroup (loop) 
[SgnaIPQ(SgnaIPL)] if and only if it obeys both the SgnaRIP and S444 LIP. 

(Gy,-) is called a third Smarandache right inverse property quasigroup (loop) [S43:4 RIPQ 
(SaaRIPL)] if and only if it obeys the third Smarandache right inverse property (S44 RIP) 
sy: y? = s for all y € G and s € H. 

(G g,-) is called a second Smarandache right alternative property quasigroup (loop) [Sana 
RAPQ(SgnaRAPL)] if and only if it obeys the second Smarandache right alternative property 
(Sana RAP) y-ss = ys-s for all y € G and s € H. Similarly, it is called a second Smarandache left 
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alternative property quasigroup (loop) [SgnaLAPQ(SgnaLAPL)] if and only if it obeys the second 
Smarandache left alternative property (Sona LAP) ss: y = s: sy for all y € Gand s € H. Hence, 
it is called an second Smarandache alternative property quasigroup (loop) [SgnaAPQ(SgnaAPL)| 
if and only if it obeys both the SgnaRAP and Sana LAP. 

(Gy,-) is said to be a Smarandache right power alternative property loop (SRPAPL) if 
and only if it obeys the Smarandache right power alternative property (SRPAP) 


zs" = (((xs)s)s)s---s i.e. Ren = R} for all x € G, sec Hand n c Z. 
n-times 

The Smarandache right nucleus of Gg denoted by SN,(Gu,-) = SN,(Gu) = N,(G)N H. 
Gy is called a Smarandache right nuclear square special loop if and only if s? € SN,(Gg) for 
all s € H. 

Remark 2. A Smarandache; RIPQ or LIPQ or IPQ (i.e a loop with at least a non-trivial 
subquasigroup that is a RIPQ or LIPQ or IPQ) will now be called a first Smarandache; RIPQ 
or LIPQ or IPQ (S;« RIPQ or S;«LIPQ or S,;«IPQ ). It is easy to see that a SgnaRIPQ or 
Sona LIPQ or Sona IPQ is a Syst RIPQ or Sis LIPQ or Sis IPQ respectively. But the converse is 
not generally true. 

Definition 3. Let (G,-) be a quasigroup (loop). The set SY M(G,-.) = SY M(G) of 
all bijections in G forms a group called the permutation (symmetric) group of G. The triple 
(U, V, W) such that U, V, W € SY M(G,-) is called an autotopism of G if and only if 


zU -yV = (x-y)W Y z,y EG. 


The group of autotopisms of G is denoted by AUT(G,-) = AUT(G). 

Let (Gy,-) be a special quasigroup (loop). The set SSY M(Gg,-) = SSY M(Gg) of all 
Smarandache bijections (S-bijections) in Gy ie A € SY M(Gg) such that A : H > H 
forms a group called the Smarandache permutation (symmetric) group [S-permutation group) 
of Gy. The triple (U, V, W) such that U,V,W € SSY M(Gzg,-) is called a first Smarandache 
autotopism (Sj« autotopism) of Gy if and only if 


aU -yV = (x -y)W V x,y € Gg. 


If their set forms a group under componentwise multiplication, it is called the first Smaran- 
dache autotopism group (S;s: autotopism group) of Gy and is denoted by Ss AUT(G g,-) = 
S1« AUT (Gg). 

The triple (U, V, W) such that U,W € SY M(G,-) and V € SSY M(Gg,-) is called a 
second right Smarandache autotopism (Sona right autotopism) of Gy if and only if 


zU -sV = (x-s)W V x € G and s € H. 


If their set forms a group under componentwise multiplication, it is called the second right 
Smarandache autotopism group (Sona right autotopism group) of Gy and is denoted by S244 RAU 
T(Gg,-) = Sy a RAUT(G g). 

The triple (U, V, W) such that V, W € SY M(G,-) and U € SSY M (G p,-) is called a second 
left Smarandache autotopism (Sgna left autotopism) of Gy if and only if 


sU -yV —(s-y)WVy€ G and s € H. 
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If their set forms a group under componentwise multiplication, it is called the second left 
Smarandache autotopism group (Sona left autotopism group) of Gy and is denoted by Sona LAUT 
(Gg,-) = Sona LAUT(G gj). 

Let (Gy,-) be a special quasigroup (loop) with identity element e. A mapping T € 
SSY M(Gzg) is called a first Smarandache semi-automorphism (S1« semi-automorphism) if 
and only if eT' 2 e and 


(zy: z)T = (zT -yT)zT for all z,y € G. 


A mapping T € SSY M(Gg) is called a second Smarandache semi-automorphism (Sona 


semi-automorphism) if and only if eT = e and 
(sy: s)T = (sT - yT)sT for all y € G and all s € H. 


A special loop (Gy, -) is called a first Smarandache semi-automorphic inverse property loop 
(S1« SAIPL) if and only if J, is a S1« semi-automorphism. 

A special loop (Gg, -) is called a second Smarandache semi-automorphic inverse property 
loop (SguaSAIPL) if and only if J, is a Sgna semi-automorphism. 

Let (Gg,-) be a special quasigroup(loop). A mapping A € SSY M(Gg)isa 


1. First Smarandache pseudo-automorphism (S4« pseudo-automorphism) of Gy if and only 
if there exists a c € H such that (A, AR., AR.) € Siss AUT(G p). c is reffered to as the 
first Smarandache companion (S1« companion) of A. The set of such A's is denoted by 
Si PAUT(Gu,-) = S4 PAUT(Gg). 


2. Second right Smarandache pseudo-automorphism (Sgna right pseudo-automorphism) of 
Gy if and only if there exists a c € H such that (A, ARe, AR.) € Sona RAUT(Gg). c is 
reffered to as the second right Smarandache companion (Sana right companion) of A. The 
set of such A's is denoted by Sana RPAUT(G p,:) = Sona RPAUT(G gy). 


3. Second left Smarandache pseudo-automorphism (Sona left pseudo-automorphism) of Gg if 
and only if there exists a c € H such that (A, AR, AR.) € Sua LAUT (Gg). c is reffered 
to as the second left Smarandache companion (Sana left companion) of A. The set of such 
A's is denoted by Sona LPAUT(G g,-) = Sona LPAUT(G p). 


Let (Gg,-) be a special loop. A mapping A € SSY M (Gy) is a 


1. First Smarandache automorphism (S4« automorphism) of G y if and only if A € S34 PAUT(G gj) 
such that c= e. Their set is denoted by Sys AU M(Gg,:) = Sı: AU M (G p). 


2. Second right Smarandache automorphism (Səna right automorphism) of Gg if and only 
if A € Sa RPAUT(G jg) such that c = e. Their set is denoted by SgonaRAUM(Guy,:-) = 
Saxa RAUM (Gy). 


3. Second left Smarandache automorphism (Sana left automorphism) of Gy if and only if 
A € Saa LPAUT(Gg) such that c = e. Their set is denoted by Sana LAU M(Gg,-) = 
Ss: LAUM(Gg). 
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A special loop (Gy, -) is called a first Smarandache automorphism inverse property loop (S1« AIPL) 
if and only if (Jp, Jp, Jp) € AUT (H,-). 

A special loop (Gg,-) is called a second Smarandache right automorphic inverse property 
loop (SgnaRAIPL) if and only if J, is a Sosa right automorphism. 

A special loop (Gy,-) is called a second Smarandache left automorphic inverse property 
loop (SguaLAIPL) if and only if J, is a Sona left automorphism. 

Definition 4. Let (G,-) and (L,o) be quasigroups (loops). The triple (U, V, W) such that 
U,V,W :G — L are bijections is called an isotopism of G onto L if and only if 


zU oy =(a-yWV 2a,yeG. (2) 


Let (Gg,-) and (Ly,°) be special groupoids. Gg and Lm are Smarandache isotopic (S- 
isotopic) [and we say (Ly,9) is a Smarandache isotope of (Gy,-)] if and only if there exist 
bijections U,V,W : H — M such that the triple (U,V,W) : (Gmg,-) — (Lw;,9) is an 
isotopism. In addition, if U = V = W, then (Gy,-) and (Ly,9) are said to be Smarandache 
isomorphic (S-isomorphic) [and we say (L,;,o) is a Smarandache isomorph of (Gg, :) and thus 
write (Gg, -) = (Lm,°).]. 

(Gg,-) is called a Smarandache G-special loop(SGS-loop) if and only if every special loop 
that is S-isotopic to (G g,-) is S-isomorphic to (Gg, -). 

Theorem 1. (Jaíyéolá [13]) Let the special loop (Gy,-) be a SgnaBL. Then it is both a 
Sax RIPL and a SgnaRAPL. 

Theorem 2. (Jaíyéolá [13]) Let (Gy, -) be a special loop. (Gy,-) is a SgnaBL if and only 
if (R7, L, Rs, Rs) € S, AUT(Gg,-). 


§3. Main results 


Lemma 1. Let (Gy,-) be a special quasigroup and let s,t € H. For all z, y € G, let 
_ „n p-1 -1 
roy-—zR, yL; `. (3) 


Then, (Gg,o) is a special loop and so (Gg,:) and (Gy, ©) are S-isotopic. 

Proof. It is easy to show that (Gg,0) is a quasigroup with a subquasigroup (H, o) since 
(Gy,-) is a special quasigroup. So, (Gj,o) is a special quasigroup. It is also easy to see that 
s-t € H is the identity element of (Gy,0). Thus, (Gy,°) is a special loop. With U = R:, 
V = L, and W = I, the triple (U, V, W) : (Gy,-) —^ (Ggy.,9) is an S-isotopism. 

Remark 3. (Gj,o) will be called a Smarandache principal isotopism (S-principal iso- 
topism) of (Gr, -). 

Theorem 3. If the special quasigroup (Gy,-) and special loop (L0) are S-isotopic, 
then (Lm, o0) is S-isomorphic to a S-principal isotope of (Gg, -). 

Proof. Let e be the identity element of the special loop (Ly,o). Let U, V and W be 1-1 
S-mappings of Gy onto Ly such that 


zU oy — (r: yW V z,y € Gg. 
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Let t= eV-! and s = eU-1. Define x * y for all x,y € Gg by 
r*xy=(tWoyW)wt. (4) 
From (2), with x and y replaced by zWU-! and yW V~! respectively, we get 
(£W oyW)W 1 = WU ! -yWV ! V z,y € Gg. (5) 


In (5), with z = eW-!, we get WV-! = L;! and with y = eW-!, we get WU-! = R, +. 
Hence, from (4) and (5), 


a*y=a2R,'-yL,' and (r*y)W = £W oyW V z,y € Gg. 


That is, (Gg, *) is a S-principal isotope of (Gy,:) and is S-isomorphic to (Lyz,°). 

Theorem 4. Let (Gy,-) be à SgnaRIPL. Let f,g € H and let (Gy,0) be a S-principal 
isotope of (Gy,-). (Gy,°) is a SgnaRIPL if and only if a(f,g) = (Ro, beh, Ly Rz’) € 
Sona RAUT(G p,-) for all f, g € H. 

Proof. Let (Gg,-) be a special loop that has the SgnaRIP and let f,g € H. For all 
x,y € G, define roy = ch, . yL; as in (3). Recall that f -g is the identity in (Gg, o), so 
xox” = f-g where rJ, = z^' i.e the right identity element of z in (Gy, o0). Then, for all x € G, 
zog’ =xR7" -xJ L; = f -g and by the Sz RIP of (Gg), since sR;! -sJ L3 = f: g for 
all s € H, then sR;! = (f - g) - (sJ, L7 ')Jp because (H,-) has the RIP. Thus, 


sR,! = sJ Ly Jobs > sJ, = SR, Li JA. (6) 





(Gr, o) has the S3:4 RIP iff (xos)osJ, = s for all s € H, x € Gy iff (cR; 5D; ) Rj -sJ4 Lg = 
x, for all s € H, x € Gg. Replace x by x-g and s by fs, then (ges R3- (fs) J L7" =2-g 
iff (z- s)R;! = (xg) (f s)J,L;"J, for all s € H, x € Gy since (Gy,-) has the SgnaRIP. 
Using (6), 


(eek, =a, (f: s)R7 to Seah, enl aL E. ee 


a(f,g) = (Rg, Lg R; 1 L5 5, R5) € Sona RAUT(Gu,:) for all f,g € H. 


Theorem 5. If a special loop (G g,-) is a SgnaBL, then any of its S-isotopes is a SgnaRIPL. 

Proof. By virtue of Theorem 3, we need only to concern ourselves with the S-principal 
isotopes of (Gg,-). (Gg,-) is a SgnaBL iff it obeys the SonaBI iff (xs - z)s = a(sz-s) for all 
rz,z € Gand s € H iff L,,R, = L,R,L, for all x € Gand s € H iff R;1L;1 = L;!R;!L;! for 
all x € Gand s € H iff 





R,QLS =L,R,‘L; for all x € G and se H. (7) 
Assume that (Gy,-) is a Sana BL. Then, by Theorem 2, 
(RZ, L,R,, Rs) € Sı AUT(Gg, -) > (R; !, Ls Rs, Re) € Sa RAUT(G g,-) > 


(R71, Ls Rs, UR) = (Rs, Re LN eSuARAUT(Qm:). 
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By (7), o(z, s) = (Rs, L,R; 1 L;1, R;!) € Sona RAUT(G g,-) for all f,g € H. But (Gy,-) has 
the S444 RIP by Theorem 1. So, following Theorem 4, all special loops that are S-isotopic to 
(Gy,-) are Sona RIPLs. 

Theorem 6. Suppose that each special loop that is S-isotopic to (Gy,-) is a Sona RIPL, 
then the identities: 


1. (f9)\f = (zg)\z, 
2. gX(sg 1) = (fo)NG 39 1] 


are satisfied for all f, g, s € H and x € G. 
Proof. In particular, (Gy,-) has the Sona RIP. Then by Theorem 3, a(f,g) = (Rg, Lg. 


Lj, R51) € Sona RAUT(Gg, >) for all f,g € H. Let 


Y = LR Lpy (8) 


Then, 
zg- sY = (xs) Ro”. (9) 


Put s = g in (9), then zg - gY = (xg)R7' = z. But, gY = gL;R;1L5; — (f9)\l(f9)g 1] = 
(Fg)\ F. So, zg  (fg)Nf = x — (fg)M. = (9) Va. 

Put z = e in (9), then sY Lọ = sR;! > sY = sR;!L;!. So, combining this with (8), 
sR,!L;! = sLiRZ Lig > gN(5g 7) = (Fg) NG 39 1]. 

Theorem 7. Every special loop that is S-isotopic to a SgnaBL is itself a Sona BL. 








Proof. Let (Gz,°) be a special loop that is S-isotopic to an S344BL (Gy,-). Assume that 
zy — xoa oyD where a, 8 : H — H. Then the SgnaBI can be written in terms of (o) as follows. 
(xs-z)s = z(sz- s) for all r, z € G and s € H. 


[(xo o s8)a o z8]a o sB = za o [(sa o z8)a o s8]. (10) 


Replace xa by z, s8 by s and z8 by Z, then 





[:os)aoz]aos-—zo([(s80 !oozZz)aoSs]O. (11) 


If  — e, then 





(3a o Z)a o 3 = [(88 a o Z)a o 3}. (12) 


Substituting (12) into the RHS of (11) and replacing 7, 5 and Z by z, s and z respectively, we 
have 


[(x o s)ao zļao s= zo [|(sa o z)a o s]. (13) 


With s = e, (xa o z)o = zo (ea o z)o. Let (eao z)a = zô, where 6 € SSY M (Gy). Then, 
(xa oz)a = zo 20. (14) 
Applying (14), then (13) to the expression [(x o s) o zô] o s, that is 


[((zos)ozó]jos-—[(ros)voz]aos— z o |(sa o z)a o s| = z o |(s o zô) o s]. 
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implies 
[(x o s)o zô] o s = xo |(sozó)o s]. 
Replace zô by z, then 


(zos)oz]os-—mol(soz)o s]. 


Theorem 8. Let (Gg,:) be a SgnaBL. Each special loop that is S-isotopic to (Gy,-) is 
S-isomorphic to a S-principal isotope (Gg,o) where roy = xRy- yL; for all z,y € G and 
some f € H. 

Proof. Let e be the identity element of (Gy,-). Let (Gu, *) be any S-principal isotope 
of (Gy,-) say z*y = £R}! - yL} ' for all z,y € G and some u,v € H. Let e' be the identity 
element of (Gu, *). That is, e' = u-v. Now, define x * y by 


xoy = |(xe') x (ye’)Je’"* for all z,y € G. 


Then Re is an S-isomorphism of (Gj,o) onto (Gy,*). Observe that e is also the identity 
element for (Gy, o0) and since (Gg,-) is a Sona BL, 


(pe’)(e’~'q- et) = pq- e"! for all p,q € G. (15) 
So, using (15), 
xoy = [(xe’) x (ye’)Je’! = [jz Re Ry -yRe Lye! 2 Re R; Re yRe Lz Le- Rea 
implies that 
zoy=2A-yB, A= Re R; Re and B= Re L} Le- Re-1. (16) 


Let f = eA. then, y = eo y = eA: yB = f -yB for all y € G. So, B = b In fact, 

eB = fP = f~t. Then, y 0e 2 zA- eB — xA- f^! for all x € G implies xf = (xA- f 3)f 

implies xf = rA (SgnaRIP) implies A = Re. Now, (16) becomes zo y = «Ry - yL;'. 
Theorem 9. Let (Gg,:) bea SgnaBL with the SgnaRAIP or Sona LAIP, let f € H and let 

voy-cRy:yLy! for all x,y € G. Then (Gg, o) is a Si« AIPL if and only if f € NA(H, -). 
Proof. Since (Gg,-) is a SgnaBL, J = Jy = J, in (H,-). Using (6) with g = f^, 


sJ, = sRpJL;. (17) 
H,O) 18 a 91st lt (roy — yJ40gy or all x,y € 1 
G is a Syst AIPL iff J; J, o yJ for all H iff 
(Rg yLF) J, = 2J Rf -yJ LF". (18) 


Let z = uR;* and y = vL; and use (16), then (18) becomes (uv) R;JL; = uJ Ly Re vl Rye J 
if a = (JLjRg L;jR;jJ, RpJL;) € AUT(H,-). Since (Gy,-) is a Sj« AIPL, so (J, J, J) € 
AUT(H, ). So, a € AUT(H,) & B = o(J, J, J(Rgh , Lj-1Rf-1, Rg-:) € AUT(H, ). Since 
(G g,-) is a Sona BL, 

rzbjgRpLgaRga = [ffx PI = (7f xf? = x for all £ € G. That is, 
LyRyLs-1Ryz-1 = I in (Gy,-). Also, since J € AUM(H,-), then RJ = JR,-: and LgJ = 
JL y-1 in (H,-). So, 
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B = (JLiRi JRF, Lp REI LgaRga, RJLjJ Rp) = 


(JL;JRg Rel, Ly RgL p Ry—1, RgLg Ry-1) = (Lg, I, Rp Ly Rai). 


Hence, (Gy, 0) is a Sys AIPL iff 8 € AUT(H, -). 

Now, assume that 8 € AUT(H,-). Then, xLy-1 -y = (xy) RgLg-i Rg-i for all x,y € H. 
For y = e, Lj- = ReLs-1Ry-1 in (H,-). So, 8 = (Lj,L, Lg) € AUT(H,) > f! € 
N)(H,-) => f € NA(H,-). 

On the other hand, if f € N)(H,-), then, y = (L,I, Lf) € AUT(H,). But f € 
NA(H,) > L5! = Lj- = RgLg-i Rp- in (H,-). Hence, 8 = 7! and 8 € AUT(H, ). 

Corollary 1. Let (Gg,-) be a Sana BL and a S1« AIPL. Then, for any special loop (Gy, o) 
that is S-isotopic to (Gg,-), (Gg, o) is a Sys AIPL iff (Gg,-) is a S3«-loop and a Sist commu- 
tative loop. 








Proof. Suppose every special loop that is S-isotopic to (Gy,-) is a Ss AIPL. Then, 
f € NX(H,-) for all f € H by Theorem 9. So, (Gg,-) isa Sj«-loop. Then, y !z ! = (zy) | = 
x ly for all x,y € H. So, (Gyz,-) is a Sj« commutative loop. 

The proof of the converse is as follows. If (Gy,-) is a S4«-loop and a Sst commutative 
loop, then for all x,y € H such that oy = xRr- yL7', 


(zoy)oz= (aR -yLy')Ry-2Ly' = (mf ffi fz 
zo(yoz)—zrRy-(yRj- zLy Ly = gaf: fyf fz). 
So, (xo y)oz = xo (yoz). Thus, (H,o) is a group. Furthermore, 
goy=aRy- yL; =af fCys2-yoy-cnyfflesyor. 
So, (H,o) is commutative and so has the AIP. Therefore, (Gy,0) is a Syst AIPL. 

Lemma 2. Let (Gy,-) be a Sona BL. Then, every special loop that is S-isotopic to (Gy, -) is 
S-isomorphic to (Gy, -) if and only if (Gz, -) obeys the identity (zx-fg)g ^-fN(y-fg) = (xy)-(f9) 
for all x,y € Gg and f,g € H. 

Proof. Let (Gg,o) be an arbitrary S-principal isotope of (Gxy,-). It is claimed that 


Rfg 
(Gu) $ (Gu,0) if Rjg o yRg, = (a y) Rpg iff (2 - fg) Rz! - (y+ Fo)LF' = (a y)Rg, if 
(z-fg)g | -fN(u- fg) = (xy)  (/g) for all z, y € Gg and f,g € H. 

Theorem 10. Let (Gy,-) be a SgnaBL, let f € H, and let ro y = «Ry - yL;. for all 
x,y € G. Then, (Gg,-) = (Gg,o) if and only if there exists a Sı pseudo-automorphism of 
(Gy,-) with Sist companion f. 

Proof. (Gr,-) = (Gu, o) if and only if there exists T € SSY M(G g,-) such that zT'oyT = 
(x - y)T for all z,y € Giff eT Ry yTL;* = (x y)T for all x,y € G iff a = (TRy,TL;",T) € 
Sı AUT(Gy). 

Recall that by Theorem 2, (Gg) is a Sg.aBL iff (R5, LpRg, Rp) € Sie AUT (Gu, -) for 
each f € H. So, 


a € Sis AUT (Gu) & B = a(R", Lp Rs, Rf) = 
(T,TR;,TRy) € Sis AUT(Gy,-) e T€ Sys PAUT (Gx) 
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with Syst companion f. 

Corollary 2. Let (Gg,-) be à Sz;4BL, let f € H and let roy = aR; - yL;* for all 
x,y € Gg. If f € N,(H,-), then, (Gm, -) = (Gg, o). 

Proof. Following Theorem 10, f € N,(H,-) > TS1« PAUT(Gg) with Sis companion f. 

Corollary 3. Let (Gg,:) be à SgnaBL. Then, every special loop that is S-isotopic to 
(G gr, -) is S-isomorphic to (Gy,-) if and only if each element of H is a S1« companion for a Sys 
pseudo-automorphism of (Gg, -). 

Proof. This follows from Theorem 8 and Theorem 10. 

Corollary 4. Let (Ggj,:) be a SgaBL. Then, (Gy,-) is a SGS-loop if and only if each 
element of H is a S1« companion for a Sss pseudo-automorphism of (Gg, -). 

Proof. This is an immediate consequence of Corollary 4. 

Remark 4. Every Bol loop is a S344 BL. Most of the results on isotopy of Bol loops in 
chapter 3 of [19] can easily be deduced from the results in this paper by simply forcing H to 
be equal to G. 
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Abstract Binary polynomial and Binary pure even polynomial through the introduction of 
recursive method, using the two polynomial solve the problem of the average value formula 
with the sum of numbers of binary. 

Keywords Binary polynomial, binary pure even polynomial, pure even partition of set nu- 


mber, characteristic function. 


91. Introduction 


In the paper [1], U. S. experts in number theory Florentin Smarandache put forward 
function of the digital sum of the number of columns so that people study it. Paper [2-5] 
mainly to binary numbers and function of some low times have been studied. In this paper, 
using a recursive method provides a binary number and function of the mean value formula 
A, (2^) and A, (N), and give evidence. with the paper [2-5] compared to the structure of the 
conclusions clear, convenient and practical, conclusions more comprehensive, easy to theoretical 
study of the characteristics of. To study the convenience of, the paper k and p both are non- 
negative integer, we give 

Definition 1.9! Set m = 2^: + 2*2 +...4 2 (ky > k2 >- > ks > 0), call a(m) = »» 1 
as the sum of numbers of binary, call A,((N) = }, a?(m) as the average value of hinchion 
a(m). in 

Definition 2. Defined polynomial t, (k) as Binary polynomial: satisfy the recurrence 
relation to (k) = 1,tp41 (k) = 2kty (k) — ktp (k — 1). 

Definition 3. Defined polynomial gp (k) as Binary pure even polynomial: satisfy the 
recurrence relation go (k) = 1, 91 (k) = 0, gp+2 (k) = K?gy (k) — k (k — 1) gp (k — 2). 


92. The main conclusions 


Theorem 1. Given tp (k) is Binary polynomial, then A,(2*) = t, (k) 2^7». 
Theorem 2. Set integer N = 2^1 4-252 E... 25: (ky > ko >- > ks), gn (k) is Binary 
pure even polynomial, r; = ki + 2i — 2 (i = 1,2,---,s), then 


A,(N) = 5 5 ^ gn (ki) r?-7P | 207P, 
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Corollary. Suppose r; = ki + 2i — 2, gia = ki (3k; — 2), gig = ki (15k;? — 30k; + 16), then 
(1) Ai (N) = Y, (k; + 2i — 2) 2:71, (2) AS (N) = (n + kya, 


i= 





i5 + 3k;ri) 2^, (4) Aa (N) = DD (ri^  6kir?? + gia) 2-4, 


i=1 


3 
=- 
| 


(3) As(N) = 5; 
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93. Proof of Theorem 1 


3.1. Preparation 


Lemma 1. Verify (1 + e”)* = L An(2") Fr 
p= 


Proof. A positive integer in the binary of less than 2^, each can take a digital “0” or 


k 
“1”, and affect each other, k-digit number in a j-bit integer to take a total of x. 


J 
0,1,2,- +-+, k), this , integer numbers that the sum of numbers are j, their sum of p-times 
J 
[5]. 
is _ | J”, then 
J 
Ef k 
A= | P (1) 
j=0 J 
According to the binomial theorem to know function 
ET 4. 
w= ate je 
j=0 J 

p-derivative of function is 

s k 

a9) - Yt Jer 
j=l J 
then 
(p) k p 
wu, (0) = V j (2) 
j=l J 
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Then 
E ES zP Em gp 
(1-- e*)" = uy (£) = 2 (0) = 2 A07). 
p=0 p=0 


Definition 4. Called function v(x) = (1 + e”)* is a characteristic function of Ap(2*). 


3.2. Proof of Theorem 1 


Derivative of function vy(z) = (14+ e%)* is vy'(z) = k(1+.e7)*-te™ = k(1+ e7): — 
k(1--e*)*-!. Then v,'(zx) = ku, (x) — kvy i(x). So vg tD (x) = kv P (x) — kvp- ©) (a). 
Then vj 9*9 (0) = kuz”) (0) — kvj.., 9 (0). The use of (3) available 


Api (2*5) = kAp (2^) = kA, [e : (4) 
Suppose 
Ap(2") = f, (k) 2°", (p = 0,1,2,.. .). (5) 
Then Apa (2) = fpa (k) 7 ee ae Ap(2*-") = fp (k — 1) 3k=p-1, 
All of the above three type substituted into (4) may 
fori (K) 207P} = k- fp (k) 2-9 — k - fp (k — 1) 257P- 


Simplification may 


Foti (k) = 2k - fp (k) - k: fp (k - 1) , (p =0,1,2,:+-). (6) 
By (3) available Ag(2*) = v (0) = 2*, by (5) available Ao(2}) = fo (k) 2*, 
So fo(k)2® = 2*, that 
fo(k)=1. (7) 
By (6) and (7) available polynomial fp(k) to meet the definition of two terms in tp (k) 
recursive, so fp (k) = tp (k). 
Substituted into (5) available A,(2*) = tp (k) 2*-?. 
This proves the theorem. 


94. Proof of Theorem 2 


4.1. Two lemma 


oo p oo P oo p p xP 
Lemma 2. a Z b 2z ap—hbh | —. 
(E P pl » P pl A 25 h nia p! 


x =i 
Lemma 3. chx = n is Hyperbolic cosine function, gn (k) is Binary pure even 
k sS xP 
polynomial, verify (chx)" = )7 gp (k)—. 
p=0 p: 


Proof. Set 
wr(x) = (cha)*. (8) 
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Then 
wr (x) = k(cha)*—'sha, 


wr (£) = k(k—1)(chz)" ?sh?z + k(chz)"- chr 
= k(k—1)(cha)*~? (ch?z — 1) + k(chz)" 
k?(cha)* — k (k — 1) (chz)*?. 


The use of (8) available wg” (x) = k?wg(z)—k (k — 1) wy (x). So wy? t?) (x) = kwp (a)— 
k (k — 1) wj 2? (x). That 


wy +?) (9) = k? wy”) (0) — k (k — 1) wy. 5? (0). (9) 
Suppose 
wi (0) = fp (k) , (p = 0,1,2,- - -). (10) 


Then w?) (0) = fp+2 (k), we-2”)(0) = fp (k — 2). 
All of the above type substituted into (9) 


fpa (k) = k? fp (k) — k (k — 1) fo (k — 2). (11) 
Combining (8) and (10), we have 
fo (k) = wi (0) = 1, fı (k) = we'(0) = 0. (12) 


By (11) and (12) available polynomial fp (k) to meet the definition of three terms in gp (k) 
recursive, So f, (k) = gp (k). Combined (10) available wj? (0) = gp (k). So 


(cha)* = X wp P (0) m Ip (k 


4.2. The transformation of the problem 


Given an integer N = 2^: 252 +...42*s(ky > ky >+- > ks 2 0), interval [0, N) divided 
into the interval between s plots N; = [2% + +--+ 253:,25 E... 25 49") (j= 1,2,---,8), 
Set A, (N;) = »; aP(m), then 


mcN; 


A,(N) =A (Ni). (13) 


In the range of 2%: integers in interval N;, k; -digit number in a j-bit integer to take a 
i 


j 


total of ,(j = 0,1,2,- --, ki), from the (ki + 1)-bit to the kı -bit numbers the sum of 


b 
numbers are (i — 1), this ' | integer numbers the sum of numbers are (i — 1 4- j), their 
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k; 
sum of p-times is | ' | (i— 1+4)”, then 


AN) -Y | * JG-143*. (14) 
j=0 J 


The use of the binomial theorem to get function 


l Ed ded dX or 
uj (ac) = gie + ge = pc : ei? — ‘ eae 
j-0 \ J j-0 \ J 
p-derivative of function is 
u; (x) = 5 ‘ (i —1+ j)*eG- 10v. (15) 
j=0 J 
Combining (14) and (15), we have 
Ap (Ni) = us”) (0). (16) 


So characteristic function of Ap (N;) is u; (x) = e6-U*(14- e*)*., 


4.3. Proof of Theorem 2 


Because 
i t+i-—l)ay z Dy) Ki Fipi-i)z ki 
u; (x) = e6-D*(1 + ex): = Aer 1) (e? +e 5)" = Qh (ae) ( hz) i 
Set 
ri = ki + 2i — 2, (i = 1,2,-- 8), 
so 
hi Lj 1)g ri X rjP zP 
eee) Dee ET (17) 
p=0 p 
Also according to Lemma 3 
wy ki = r\P 1 as qz? 
(che) =E op GX(2) 4 = 3 279 (62 5 (18) 
p=0 P: p=0 P: 
Combining (17), (18) and Lemma 2, we have 
eee ki 
u; (£) = MERE 1) (chs) 


p=0 
oo p —h 
_ ki p ri? h Ld 
= 2 2 2. 4 re gn (ki) | — 
p= = 
~ P p xP 
a 5 gki-p 5 Gh (ki) rP} a (19) 
p=0 h=0 h B 
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Combining (16) and (19), we have 


p 
Ap (Ni) =u: (0) 2257 |S | ^ |a (hi?) (20) 
hao \ ^ 
S E] p 
By (13) and (20) available 4 (N) = X A,(Ni) = LIL d gn (ki) rj? - ^ | 25:7» 
i=l i=1 |h=0 \ RÀ 


This shows that the Theorem 2 is true. 


85. The relationship between Binary pure even polynomial 


and Pure even partition of set number 


Can be seen from Theorem 2, Binary pure even polynomial in the expression is essential, I 
have studied a class of several, as pure even partition of set number, following pointed out that 


the Binary pure even polynomial and Pure even partition of ~ number O ani 


Definition 5./9 j is non-negative integer, power dii (chx — 1) p? S4(p,j) — ` the 
j! 


coefficient S4(p, j) is called the definition of pure even partition of set mu = 
Theorem 3. Factorial function [k]; = k (k — 1) -- - (k — j + 1), then 


Binary pure even polynomial gp (k) = >? 54 (p. j) [k];. 
j=0 


Proof. Because 
k k k 1 
(cha)* = [(cha — 1) + 1]^ =D) |J (cha = 1)’ = p» [E]; (ehe e (21) 


By the definition of 5 available 


1 cu 
3 (cha — 1) = > 34 (p, i) 2. (22) 
j! eei p! 
Combining (21) and (22), we have 
k oo xP oo oo l qP 
(chæ)" = [k] LX spj) > = XO Sa (p, j) [k]; wh 
j-0  p=0 PY p=0 | j=0 m 
Combination of Lemma 3 available 
Sat Va ae XO Sa (p, 5) [k]; ot 
p=0 p=0 | j=0 


So gp (k) = 55 S (p. j) [k];, (p = 0, 1,2, - - +), prove complete. 
j=0 
Theorem 4. Pure even partition of set number $4(p,k) there is a recursive relation- 
ship: $4(0,0) = 1; S4(1,7) = 0; S4(p,0) = $4(0,7) = 0, p > Lj > 1, and S4(p + 2,7) = 
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Proof. Know from the Definition 5 


ot xP 1 oA wo 
3 54 (p. j) r = (cha 1) = “( Cr ep de. es) : 
$c p! j! gi \ 2! 4! 6! 





Because the expansion does not contain x, so S4(1, j) = 0; 
When j = 0, only the constant term S4 (0,0) = 1, S4 (p,0) = 0, (p > 1); 
When j > 1, expansion does not contain the constant term, so $4(0, j) = 0; 


Set (2) = 35.3) 5 
So t so " E 
0° (2) = 3154.9) Gay = DSO + 2A) oy (23) 


Also, according to the Definition 5 known (x) = S> S4(p.j) = = ji (cha: — 1). So 
p=0 


g' (x)= Gay (che —1)'""she. 


Then 





» VEM chz — 1 ?sh?z 4 cha j— 
d) = gite D set Igi 


j—1 j-2 (72 1 j—1 
= - cha —1 ch*x —1)4 — cha —1 cha 
G-I "d y-p" 


= G-I (cha — 1) [(j — 1) (chx + 1) + cha] 


1 j-1 ira,- : 
- ghe - D 193 1) (hs - 0) 


= Qj-1 











1 
(j= V! 


= Qij-0Y &i-DT e ADT. 


p=0 p=0 





= 1 
(he — 1) 4s a (cha — 1y 
j! 


So 


ee p 


2" (0) = Y [Gi - 05i. - 1-75 0,3] T 
p=0 l 


Combining (23) and (24), we have 


oa p 


X 54 (p + 2,3) a - M [2j - 1) S4 (p, j - 1) + 5754 (».3)] P 


p=0 “ p-0 


So S4(p + 2,7) = (2j — 1) S4(p, j — 1) + j? S4(p, j). This proves the theorem. 


Conclusion 


'The use of Theorem 3 and Theorem 4 expression available to Binary pure even polyno- 
mial.When the k value is not significant,applications (1) or (14) is also a convenient, when the 
k value is significant, application of theorem 1 or theorem 2 on the much simpler. 
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The adjoint semiring part of IS-algebras 
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E-mail: baojiywq@126.com 
Abstract Let X be a IS-algebra, AS(X) = (x € X|0 « (0 * x) = 0 * x) be called the adjoint 
semiring part of X. It be proved that AS(X) is subalgebra and ideal of X, and it is semiring 
about operation “ + ” by which « + y = 0 * (x * y) and * - " on IS-algebra X, and its some 


other properties are given. 


Keywords IS-algebra, ideal, subalgebra, adjoint semiring part. 


91. Introduction 


The notion of BCI-algebra was formulated first in 1966 by K. Iseki. The IS-algebra (BCI- 
semigroup) was introduced in 1993 by Y. B. Jun. The author gave the ring part and the adjoint 
ring part of IS-algebra and discussed their properties in [4]. In this paper, we will give the new 
concept of adjoint semiring part on IS-algebras, and discuss its good properties, in order to 
explain its significance. 

We stated the some relational definitions and conclusions for convenience of discussion. 

Definition 1.!! An algebra (X, *,0) of type (2,0) is said to be a BClI-algebra if it satisfies: 

(2) (w* (r*y)) * y — 0. 

(3) z* x — 0. 

(4) 


In a BCT-algebra X, define a binary relation € by which x < y if and only if x * y = 0 for 


x*xy=Oand yxx=0 imply z = y. 


any x,y € X, then < is a partially ordered on X. 
Lemma 1.!! Let (X, x, 0) a BCLalgebra, for all a, y, z € X, we have (1) (zy)*z = (x*z)xy. 
(2) «0 =z. 
(3) 0 * (x x y) = (Ox x) * (0 x y). 
(4) 0 * (0: (0: z)) = 0 * x. 
(5) z « 0 = 0 imply z = 0. 
Definition 2.2?! A IS-algebra (BCI-semigroup) X is a non-empty set X with two opera- 
tions *«" and , and with a constant element 0 such that following axioms are satisfied: 
(1) (X, *,0) is BCLalgebra. 
(2) (X,-) is semigroup. 


éé 0» 
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(3) Distributive law: x-(y*z) = (x:y)*(z:z), (x*«y):z = (az) «(y:z), for any x,y,z € X. 
x-y is usual to be written zy and IS-algebra (X, *,-,0) is usual to be written X for short. 

Lemma 2.7! In a IS-algebra X, we have 0x = x0 = 0. 

Let Y be the non-empty subset of IS-algebra X, if operations “ * " and “-” are closed in 
Y, then (Y, *,-, 0) is IS-algebra too, we call it is a subalgebra of XPJ. 

Definition 3.9?) Let I is a non-empty subset of IS-algebra X, It is said to be ideal of X, if 

(1) For any x € X, for any a € I, then za, ax € I. 

(2 x*yc€lIandyclIimplyzcI 

Definition 4.4 In a IS-algebra X, the set 


R(X) = (x € X|0 * z = zx) 


is said to be ring part of X. 


AR(X) = (x € X|0* (0*2) = vj 


is said to be adjoint ring part of X. 

Lemma 4. In a IS-algebra X, Ring part R(X) is a subalgebra of X and a ring that 
character is 2. AR(X) is subalgebra of IS-algebra X, and adjoint ring part AR(X) is a ring 
about operation “ + ” by which «+ y = x * (0 y) and operation * - " on IS-algebra X. 


92. New concept 


We first prove a theorem for introduction a new concept. 

Theorem 1. In a IS-algebra X, Let AS(X) = [x € X|0 (0: x) = 0* x), then 
(1) AS(X) is subalgebra of IS-algebra X. 

(2) Let x +y — 0 (x * y), then (AS(X),+,-) is a semiring, and have 





zty-—yctmz(rzc-y)-ctz-rct(ycz). 


Proof. (1) Obviously, 0 € AS(X), so AS(X) Z Ø. 

For any z, y € AS(X), We have 0: (0: (z:y)) = (0 (0:«2)) (0: (0 y)) = (0c) * (Oxy) = 
O * (z * y). that is x * y € AS(X). 

In addition, since 0 * (0 x» (xy)) = (Oy) * ((Oy)) x (zy)) = (0 (0 (z))y = (0 x z)y = 
(Oy) * (zy) = 0* (zy). That is xy € AS(X), hence AS(X) is a subalgebra of X. 

(2) For any x,y,z € AS(X), we have 0 * (0 (x +y)) = 0 (0 * (0 x (a y))) = 0 ((0 (0 * 
x)) x (0x (0: y))) = 0 ((0 x) x (Ox y)) = 0 x (0 * (x x y)) = 0 x (x + y). then r+ y € AS(X). 

In addition, since x + y = 0* (ax y) = (0x x)» (0 xy) = (0*«(0x*2))*(0*y) = 
(Ox (Ox y)) *(Oxx) = (0 y) *(Oxxr) =Ox(yxr) 9 yz, thatisr+y=ytal(ety)+z= 
Ox ((O« (x y)) xz) = (Ox (0 (x x y))) * (0 z) = (Ox (a y)) x (0 z) = Ox ((a y) * z). Hence 
(z--z)4y-0*((x*z)*y)-—0x((x*y)*z) 2 (x4 y)-- z. Therefore, AS(X) is a semigroup 
about above operation “ + ”. Also, since AS(X) is closed about operation *- " on IS-algebra 
X, we have z(y + z) = «(0 * (y z)) = (x0 (zy * xz)) = (0 * (wy xz)) = xy + az. 

In same reason, (x + y)z = xz + yz, so (AS(X),+,-) is a semiring. 
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Definition 4. In a IS-algebra X, the set 
AS(X) = {x € X|O« (0* x) =0* a} 


is said to be adjoint semiring part of X. 
Clearly, the adjoint semiring part of X is semiring on above “+” and “-” by Theorem 1. 
Example 2. LetX = {0,a, b,c}, operation “-” by zy = 0, and operation * x " is following: 











*.Olal!bi!c 
0;0;/c]O0);a 
ala|O/ale 





b|b]|c]Oj]a 























c}|c]/O]cja 





Then (X, *,-,0) is IS-algebra, and R(X) = {0}, AR(X) = {0,a,c}, AS(X) = (0,0). 


§3. Property 


Theorem 2. x € AS(X) if and only if 0 x x € AS(X). 

Proof. If x € AS(X), that is 0 (0: z) = Os x, then 0: (0s (0 z)) = 0 (0 * x), therefore 
0* a € AS(X). 

Conversely, if 0 xx € AS(X), that is 0 (0: (0: z)) = 0 (0 x), then 0 * (0 £) = 0s x, 
so x € AS(X). 

Theorem 3. x € AS(X) if and only if (0 x) x x = 0. 

Proof. If x € AS(X), then (0 » (0: z)) « z = (0 x x) » (0 * x) = a 

Conversely, if (0xx)xx = 0, then 0«((Oxa)*xx) = (0*(0 x a))*(Oxx) = 0, (0x2) (0 (0 z)) = 
(0 (0 (0: z))) xa = (0 * x) * x = 0, therefore 0 » (0 * x) = 0 x a, that is x € AS(X). 

Theorem 4. Suppose x x y € AS(X), we have 

(1) if x € AS(X), then y € AS(X). 

(2) if y € AS(X), then x € AS(X). 

Proof. (1) Let xz * y € AS(X), x € AS(X), by Theorem 2, AS(X) is close, we have 
(x xy)* x= (xxx)*xy=0x*y. Therefore, y € AS(X). 

(2) Let y € AS(X), by Theorem 2, Oxy € AS(X), we have (0 y)* (zy) = (0*(x*y))*y = 
(05 x) x (0 y)) * y = ((0* (0 y))* z)*y = ((O* (Ox y)) « y) «&z —0*z. Hence x € AS(X) 

Theorem 5. In IS-algebra X, AS(X) is ideal of X. 

Proof. In the first place, by Theorem 4 (2), x«y € AS(X) and y € AS(X) imply x € AS(X). 

In the second place, for any x € X,a € AS(X), we obtain 0»*(0*(xa)) = (z0)*((z0)*(xa)) = 
x(0 x (0: a)) = z(0:* a) = (x0) * (za) = 0* (za). So za € AS(X). 

In same reason, za € AS(X), hence, AS(X) is ideal of X. 

Theorem 6. AS(X) N AR(X) = R(X). 

Proof. For any x € R(X), that is 0 x = z, then 0 * (0 x) = 0* x = x, hence x € AR(X) 
and x € AS(X), that is, x € AS(X) N AR(X). 
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For any y € AS(X) n AR(X), that is 0 (0 x) = 0* x = x, hence y € R(X), therefore 
AS(X) n AR(X) = R(X). 

Theorem 7. If x € AS(X), then 0 * x € R(X). 

Proof. By Theorem 2, 0 * x € RS(X), but 0 * (0: (0: z)) = 0 * a, that is O* x € AR(X), 
hence 0 * x € R(X) by Theorem 6. 

Theorem 8. If x € R(X) and y € AS(X), then z « y € R(X) and y * x € AS(X). 

Proof. Let x € R(X) and y € AS(X), that is 0 x = z,0* (0 y) = 0 x y, we obtain 
Ox (zy) = (0s) * (Oxy) = (Ox (Oxy)) xa = (Oxy) xu —(0*z)*y— r*y. Sor«y € R(X). 

O x (0 x (y z)) = (0 x (Ox y)) (0 (Ox z)) = (0 * y) x (0x x) = (0 * (y * x), therefore, 
y*a € AS(X). 

Theorem 9. If x € AR(X) and y € AS(X), then z * y € AR(X). 

Proof. Let x € AR(X) and y € AS(X), that is 0 (0: x) = z,0 (0 * y) = 0* y, we obtain 
O x (0 (x y)) = (0 x (0s x)) (0s (Ox y)) = (0 (Ox (Ox y))) * (0 z) = (Oxy) (0*2) = 
(0 * (0: z)) * y = x * y. Therefore, x xy € AR(X). 
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Abstract For any positive integer n, the Smarandache double factorial function Sdf(n) is 
defined as Sdf(n) = min{m: m € N, n|m!!}. Let y(n) be the Euler function. The main 
purpose of this paper is using the elementary methods to study the solvability of the equation 


Sdf (n) + y(n) = n, and give its all positive integer solutions. 


Keywords Smarandache double factorial function, Euler function, equation, solutions. 


91. Introduction and results 


For any positive integer n, let y(n) denotes the Euler function. That is, y(n) denotes the 
number of all positive integers not exceeding n which are relatively prime to n. 

For any positive integer n, the famous Smarandache double factorial function Sdf(n) is 
defined as the smallest positive integer m such that m!! is divisible by n, where the double 
factorial 

vun E. if m is an odd number; 


2-4-6---(m—2)-m, if m is an even number. 


That is, Sdf (n) = min(m: m € N, n | m!!), where N denotes the set of all positive integers. 
For example, the first few values of Sdf (n) are: Sdf (1) = 1, Sdf(2) = 2, Sdf (3) = 3, Sdf (4) = 4, 
Sdf(5) = 5, Sdf(6) = 6, Sdf(7) = 7, Sdf(8) = 4, Sdf(9) = 9, Sdf(10) = 10, Sdf(11) = 11, 
Sdf (12) = 6, Sdf (13) = 18, Sdf(14) = 14, Sdf (15) = 5, Sdf(16) = 6, Sdf(17) = 17, Sdf(18) = 
12, Sdf(19) = 19, Sdf (20) = 10, ---. In reference [1] and [2], Professor F. Smarandache asked 
us to study the properties of Sdf(n). About this problem, some authors had studied it, and 
obtained some interesting results, see references [3-7]. For example, Maohua Le [4] discussed 
various problems and conjectures about Sdf(n), and obtained some useful results, one of them 


as follows: if 2|n and n = 2%n,, where a, nı are positive integers with 2 { n1, then 
Sdf (n) € max(Sdf (2^), 2Sdf(n,)}. 


Fuling Zhang and Jianghua Li [5] proved that for any real number x > 1, we have the 
asymptotic formula 





rlnnz rina 
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Jianping Wang [6] proved that for any real number x > 1 and any fixed positive integer k, 
we have the asymptotic formula 


x E a x? 
2x (Sdf (n) — S(m)" ~ = Ing | > (em -) ? 


i 
nír i=2 ln g 





where ¢(s) is the Riemann zeta-function, and c; are constants. 
Bin Cheng [7] studied the solvability of the equation 


Sdf(n) = y(n), 


and give its all positive integer solutions. 

In this paper, we use the elementary method to study the solvability of the equation 
Sdf(n) + y(n) = n, and give its all positive integer solutions. That is, we will prove the 
following: 

Theorem. For any positive integer n, the equation 


Sdf(n) + (n) =n 


has and only has 4 positive integer solutions, they are n = 8,18, 27, 125. 


§2. Some preliminary lemmas 


In this section, we shall give several simple lemmas which are necessary in the proof of our 
theorem. They are stated as follows: 

Lemma 1. For n > 1, let n = pt" p5? pp” denotes the factorization of n into prime 
powers, where pi,po,::-: ,pi are distinct primes and o,,02,:-:: , o are positive integers, then 


we have 


y(n) 2 n|] (1 7 >) =p p» vom (pi — Dp — 1) -+ (pr — 1). 


Proof. See reference [8]. 


Lemma 2. If n is a square-free number, then we have 


Sdf(n) = maxipi,pa,::- Pk}, : n = pipo:-: py and 2tn. 
2.max(pi,po,- Dk) if n = 2p1 pə- - py. 
Lemma 3. For any positive integer n, Sdf (n) € n. 
Proofs of Lemma 2 and Lemma 3 can be found in reference [9]. 


Lemma 4. If m is any positive integer and p is any odd prime, then we have 
Sdf(p™) = (2m — 1)p, for p > (2m — 1). 


Proof. See reference [10]. 


Lemma 5. If 24 n and n = p? p5? --- p?" is the factorization of n into prime powers, then 
1 P2 k 


Sdf (n) = max(Sdf (pt), Sdf (p3°), ate , Sdf(py*)}. 
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Lemma 6. If 2 | n and n = 2?ni, where a,n are positive integers with 2 4 n1, then 
Sdf (n) € max(Sdf (2^), 2Sdf(n1)}. 


Proofs of Lemma 5 and Lemma 6 can be found in reference [4]. 


93. Proof of the theorem 


In this section, we will complete the proof of our Theorem. In fact from the definition of 
the function Sdf(n) we can easily deduce that Sdf(1) = 1, Sdf(2) = 2, Sdf(3) = 3, Sdf (4) = 
4, Sdf(5) = 5,Sdf(6) = 6,Sdf(7) = 7, so for any positive integer 1 < n < 7, the equation 
Sdf (n) + y(n) = n does not hold. Now we suppose that n > 8, we consider the following cases: 

I. If n be an odd integer, let n = p?! p? --- pz" 
where pı < pa < ::: < py, pi (1 € d € k) is an odd prime, o; 7 0 (1 € i € k). 

1. If k = 1, then n = p^. 

1) If a = 1, then n = p. 

At this time, from the definition of Smarandache double factorial function Sdf (n) we know 


is the factorization of n into prime power, 


Sdf (p) = p. From Lemma 1, we get y(p) = p — 1. Then 


Sdf(p) + e(p) = 2p - 1» p. 


That is, Sdf (n) + y(n) > n for all n in this case. 

2) If a = 2, then n = p°. 

At this time, from Lemma 4 and Lemma 1, we have Sdf (p?) = 3p (p is an odd prime) and 
(p?) = p(p — 1). Then 

Sdf (p^) + ep) = p* + 2p > p. 

Hence Sdf(n) + y(n) > n in this case. 

3) If a = 3, then n = pë. 

i) If p = 3, then n = 3°. According to the definition of Smarandache double factorial 
function Sdf(n) we can easily deduce that 


Sdf (3°) + 9(33) =9+3? x 2=27 = 33. 


So n = 27 is a positive integer solution of the equation Sdf(n) + y(n) = n. 
ii) If p=5, then n = 5°. Hence 


Sdf (5°) + (53) = 25 + 5? x 4 = 125 = 5”. 


So n = 125 is a positive integer solution of the equation Sdf(n) + y(n) =n. 
iii) If p > 7, then n = p?. From Lemma 4 and Lemma 1, we have Sdf(p?) = 5p, and 
(p?) = p'(p — 1). Then 
Sdf(p)) + e(p) = pp? — p +5). 


In fact we know p? — p4-5 < p? when p > 7. so p(p? — p-- 5) < p?. That is, Sdf (p?) J- (p?) < p°. 
4) If a > 4, then n = p?. 
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From n — y(n) = p* — p% t! (p — 1) = p^^1, we know if it holds Sdf (n) + y(n) = n, it must 


hold Sdf(p*%) = p^! = min(m: m € N, p? | m!!). Now we will prove that Sdf(p^) 4 p^. 


a—1 a—1y] 


It's obvious that p,p?,-+: ,p are all included in p So if p^-!!! = p" . nı, we can 
deduce that m > (o But when a > 4, we have a < ato so Sdf(p*) < p? 1, that is, 
Sdf(p*) < p% — y(p*). We know Sdf(n) + y(n) « n for all n in this case. 

2. If k > enndem. 

On one hand, from Lemma 5, we have Sdf (n) = Sdf (pj^ p3? --- pz^) = max{ Sdf (pi^), 
Sdf (p5?),--- , Sdf(pz;^)). Without loss of generality we assume that max{ Sdf (pt? ), Sdf (p^), 
--» Sdf(p;^)) = Sdf(p;^), then we have Sdf (pT p3? --- pp") = Sdf(p,^) € pẹ”. On the other 
hand, we have y(n) = p(p p3? pp") = P$? p3? «pe (pi — 1) (pa — 1): (px — 1). 

1) If Sdf(n) = pz^, we have n — Sdf (n) = pz ^ (pi^ p2^ --- p^ i. — 1). 
From 


pip peT — 1 > ptt 5p» (pi — 1)(pa — 1) (Pr-1 — 1) 
and 
PR” > pp” (Pr — 1), 
we have n — Sdf (n) > y(n). That is, Sdf (n) + y(n) « n. 
2) If Sdf (n) < pẹ", it's obvious that Sdf (n) + y(n) « n. 


II. If n be an even integer, let n = 2% p p3? -- - py. 


1. If a = 1, then n = 2p]! p3? --- p^. 

1) If k = 1, then n = 2p°. 

i) If a = 1, then n = 2p. 

From the definition of Sdf (n) we get Sdf (2p) = 2p. So Sdf (n) + y(n) > n for all n in this 
case. 

ii) If a = 2, then n = 2p?. 

In fact, from Lemma 6 and Lemma 4, we get 


Sdf (n) = Sdf(2p*) < max{ Sdf (2), 2Sdf(p*)} = 2Sdf(p*) < 6p. 


At the same time, noting that n— y(n) = 2p? — p(p— 1) = p(p+1). We know 6p < p(p+1) 
when p > 7. So when p > 7, Sdf (2p?) + y(2p) < 2p”. For p = 3 and 5, we have: 

ii) When p = 3, Sdf(2 x 32) = 12, Q(2x 32) = 6. So Sdf(2x 32) +y(2x 32) = 18 =2x3?. 
Hence n = 18 is a solution of Sdf(n) + y(n) = n. 

ii)” When p = 5, Sdf(2 x 5?) = 20, y(2 x 52) = 20, and Sdf (2 x 52) + y(2 x 52) < 2 x 52. 
So n = 2 x 5? is not a solution of the equation. 

iii) If a = 3, then n = 2p’. 

iii) When p = 3, We have Sdf(2 x 33) = 18 = 2 x 33, so Sdf(2 x 33) + y(2 x 33) > 2x 33. 

iii)” When p > 5, from Lemma 6 and Lemma 4, we have 


Sdf (2 x p?) € max{ Sdf (2), 2Sdf (p?) } = 2Sdf(p*) = 10p. 


Noting that, 2p? — y(2p?) = 2p? — p?(p — 1) = p?(p+ 1). We know p?(p -- 1) > 10p. So 
Sdf (n) < n — y(n), that is, Sdf(n) + y(n) « n. 
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iv) Ifa > 4, then n = 2p?. 

It’s easy to show that n — y(n) = 2p* — p*^!(p — 1) = p® 1(p 4-1). In fact if it holds 
Sdf (n) - y(n) = n, it must hold Sdf (2p%) = p^! (p-4- 1), but it’s not true. Because it’s obvious 
that p, p?, --- , p?! are all included in p^-! (p4- 1)!!, so if p?! (p--1)!! = p" - n1, we can deduce 
that m > word) But when a > 4, we have a < werd) so Sdf(2p*) < p^-!(p + 1), that is, 
Sdf(2p*) < 2p% — e(2p?). 

2) If k > 2, then n = 2pt^ pg? --+pe*. 

Firstly, from Lemma 6 we have 


Sdf(n) = Sdf(2p pz? pi^) 
< max(Sdf(2),2Sdf (p? p3? =: py") } 
= 28df(py py pi) 
= 2max(Sdf(pi'), Sdf (p3?) > , Sdf(p,^)]). 
For convenience we assume that max(Sdf (pt), Sdf(p$?),--- , Sdf(p;*)) = Sdf (pk). So 
Sdf(n) € 2Sdf(py^) € 2p;*. 
And from Lemma 1, we have 
p(n) = pi? pg? ep (n — 1)(p2 — 1): (Pe — 1). 
i) If Sdf (n) = 2p;^, then n — Sdf (n) = 2pz^ (p^ pg? +++ pz. — 1). 
From 
PU pg? + pRET — 1 > per Pop (m-1i)(p-1) (Pk-1 — 1), (1) 
and 
ape n (pk — 1), (2) 
we get n — Sdf (n) > p(n). That is, Sdf (n) + y(n) « n. 
ii) If Sdf (n) < 2p", it’s obvious that Sdf (n) + y(n) < n. 
2. If a > 2, then n = 2% p pg? pp" 
1) Ifa; 2 0(1 € i € k), then n = 2°. 
i) When a = 3, Sdf (23) + (22) = 4 + 4 = 8, so n = 8 is a solution of the equation. 
ii) When a > 4, n — y(n) = 2°71, In fact Sdf (2%) 4 2%-1. Because 2,2?,--- ,2°71 are 
(a—1) 


all included in 2°~"!!, so if 2°71! = 2" . nı, we can deduce that m > “S—. But when 


a > 4, we have a < 2D, so Sdf(2%) < 2°71, Hence Sdf(2%) < 2° — y(2%), that is, 
Sdf (2%) + (29) < 2°. 

2) If k > 2, then n = 2°%p p3? pR". 

For convenience we assume that max{ Sdf (pi^), Sdf(p5”),--- , Sdf(pz^)) = Sdf(pz*). So 
from above Lemmas, we get 


Sdf(n) = Sdf(2*p?'py pp") 
< max{Sdf(2°), 2Sdf (p p3 ---pe*)} 
= max{Sdf (2%), 2Sdf(p2*)} 
< y. 
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Now note that y(n) = 2% !p*-1pg271 ... p?*71(p, —1)(pa—1) --- (px —1) and n— Sdf(n) = 
2° pe" (p^ p? ---pr^i' — 1), using the same method in (1) and (2), we can easily deduce that 
n — Sdf(n) > y(n). It's clearly that there is no solutions satisfied Sdf(n) + y(n) = n in this 
case. 

Now combining the above cases we may immediately get all positive solutions of the equa- 
tion Sdf (n) + y(n) = n, they are n = 8,18,27,125. 

'This completes the proof of Theorem. 
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Abstract The notion of completely regular element of a semigroup is applied to characterize 
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element. 


91. Introduction 


Smarandache notions on all algebraic and mathematical structures are interesting to the 
world of mathematics and researchers. The Smarandache notions in groups and the concept 
of Smaranadache Semigroups, which are a class of very innovative and conceptually a creative 
structure, have been introduced in the context of groups and a complete possible study has 
been taken in [11]. Padilla Raul intoduced the notion of Smarandache Semigroups in the year 
1998 in the paper Smarandache Algebraic Structures [6]. 

In [5], the concept of regularity was first initiatied by J. V. Neumann for elements of 
rings. In general theory of semigroups, the regular semigroups were first studied by Thierrin 
[7] under the name demi-groupes inversifs. The completely regular semigroups were introduced 
by Clifford [2]. 

'The notions of regular element, completely reagular element of a semigroup are very much 
useful to characterize Smarandache Semigroups. In this paper we present characterizations of 
Smarandache Semigroups. Besides, some more theorems on Smarandache Semigroups, examples 
are provided for justification. In Section 2 we give some basic definitions from the theory of 
semigroups (See [3]) and definition of Smarandache Semigroup (See [11]). In Section 3 we 


present our main characterization of Smarandache Semigroups and examples for justification. 


92. Preliminaries 


Definition 2.1.8] A semigroup is a nonempty set S in which for every ordered pair of 
elements x,y € S, there is defined a new element called their product zy € S, where for all 
x,y,z € S we have (xy)z = x(yz). 

Definition 2.2.9! An element b of the semigroup S is called a right divisor of the element 
a of the semigroup if there exists in S an element x such that zb = a. b is called the left divisor 
of a if there exists in S an element y such that by = a. 
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If b is a right divisor of a, we say that a is divisible on the right by b. If b is a left divisor 
of a, we say that a is divible on the left by b. 

Definition 2.3.9! An element b of a semigroup S is called a right unit of the element a of 
the same semigroup, if ab — a. 

Left unit is defined analogously. An element that is both a right and a left unit of some 
elemet is called two-sided unit of that element. 

An element I which is its own two-sided unit is called an Idempotent : I? = I. 

Definition 2.4.9! An element a of a semigroup S is said to be regular, if we can find in S 
an element x such that axa = a. 

A semigroup consisting entirely of regular elements is said to be Regular semigroup. 

Definition 2.5.9?! An element a is said to be completely regular if we can find in S an 
element x such that ara = a; ax = za. 

A semigroup consisting entirely of completely regular elements is said to be completely 
regular. 

Definition 2.6.) An element e of a semigroup S which is a left unit of the element a € S 
is called a Regualar left unit if it is divisible on the left by a. 


e is called a regular right unit of a if it is a right unit of a and is divisible on the right by 


€ is called a regular two-sided unit of a if e is a two-sided unit of a and is divisible both on 
the left and on the right by a. 


In [3], the following observations are known: 

2.6.1. Concepts of regularity and complete regularity coincide for commutaive semigroup. 

2.6.2. If e € S is a regular left unit of a € S there must exist an x € S such that ea = a, 
ax = e. The condition that e should be a right regular unit is ae = a, za = e. 

2.6.3. Every idempotent is completely regular. It is its own regular two-sided unit. 

2.6.4. A regular left unit of an arbitrary element is always an idempotent. 

2.6.5. No element in a semigroup S may have two regular two-sided units. 


2.6.6. If an element has regular two-sided unit then it is completely regular. 


93. Proofs of the theorems 


In this section we give characterizations of Smarandache Semigroups by proving the fol- 
lowing theorems. 

Theorem 3.1. A semigroup S is a Smarandache Semigroup if and only if S contains 
idempotents. 

Proof. Let S be a Smarandache Semigroup then there is a proper subset G C S such that 
G is a group under the operation defined on S. The identity element e of G is its own two-sided 
unit i.e., e? — e, in S. Hence, S contains idempotent. 

Conversely, assume that the semigroup S contains idempotents. Let J be an arbitrary 
idempotent of the semigroup S. Write Gy for the set of all completely regular elements of S for 
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which I is a regular two-sided unit. In view of (2.6.3), Gr is a nonempty subset of S as Gy 
contains I. 

Now we show that Gy is a group under the operation on S. Let g1, g2 be any two elements 
in Gr. Since J is a regular two-sided unit of gı and go we have for some u1, U2, v1, V2 in S. 


I = giu, I = goue, I = vigi, I = vog» from this we have 








(g1g2)(u2u1) = gı (g2u2)u1 glu, = gu, = 1, 


next, 








(v2v1)(g192) = va(v1g1)g2 = valga = vago = I. 
Since, I is a two-sided unit of the element g1g5, I is a regular two-sided unit of gig2. In 
view of (2.6.6), we have g1go € Gr. Therefore G; is a semigroup with unit J. Since J is clearly 
a two-sided unit for Tu and 


I-II = gul = gi(Iuil), 
T= U1gi = villgi = vigiuilgi = Iuilgi, 


it follows that I is a regular two-sided unit of the element TuT. In view of (2.6.6), Iu1I € Gr 
and further, Ju41 is a two- sided inverse of gı with respect to J. From this we get the fact that 
every element in Gyr has a two-sided inverse in Gy as gı is an arbitrary element of Gr with unit 
I. So, the proper subset Gr C S is a group and hence S is a Smarandache Semigroup. 

Theorem 3.2. A semigroup S is a Smarandache semigroup if and only if S contains 
completely regular elements. 

Proof.Suppose that the semigroup S is a Smarandache semigroup then there is a proper 
subset G C S which is group under the operation defined on S. Clearly, the identity element 
e € G, which is a regular two-sided unit of any arbitrary element of the semigroup, is completely 
regular. 

On the other hand if the semigroup S contains a completely regular element, say a, then 
a has an idempotent element J as its regular two-sided unit. In view of the Theorem 3.1, the 
proper subset Gr; C S is a group. Hence, S is a Smarandache Semigroup. 

Theorem 3.3. Let S be a Smarandache Semigroup. The set C of all completely regular 
elements of S can be expressed as the union of non-intersecting groups. 

Proof. Let S be a Smarandache Semigroup, C be the set of all completely regular elements 
of S and H be the set of Idempotent elements of S. 

In view of Theorem 3.1 and Theorem 3.2, C Z ¢ and H # ¢. Let c € C then C has an 
idempotent J as its regualr two-sided unit. In view of Theorem 3.1 c € Gr which is always a 
group. In view of (2.6.5), no element may have two regular two-sided units. It follows that the 
groups Gr, I € H are all mutually disjoint. Therefore, C = Ure g Gr. 


94. Examples 


In this section we give examples for justification. 
Example 4.1. Let S = {e,a,b,c} be a semigroup under the operation defined by the 
following table. 
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Table 1 


Clearly, the operation is commutative. Inview of (2.6.1), the completely regular elements 





of S are e, a, b, c as eee = e, aaa = a, bbb = b, ccc = c. Moreover the idempotent elements are 





e, C. 

Now Ge= { e, a } as e is regular two-sided unit of e, a and G.= { c, b } as c is regular 
two-sided uniit of c, b. Using the Table 1, we can easily see that Ge and Ge are groups. Further, 
Ge N Ge = ¢. Let C = {e,a, b,c}, we can easily see that C = Ge U Ge. 

Example 4.2. Let S = {1,2,3,4,5,6} be a semigroup under the operation defined by 


















































xy = the great common divisor of x,y for all x,y € S. The composition table is as follows: 

1/2/|3]4/|5]|6 
1|[1|l1[1|1/|11|1 
2:1/12/112/1/2 
3:1[/1/3/|1/1/3 
41.21 4/|1/]|2 
5/1/1/1/1/5/1 
6/1/2/3/2/11/6 

Table 2 


We can easily see that S is a commutative semigroup. The completely regular elements 
in S are 1,2,3,4,5,6 as 111 = 1, 222 = 2, 333 = 3, 444 = 4, 555 = 5 and 666 = 6. Write 
C = {1,2,3,4,5,6} for the set of all completely regular elements of S and H = {1,2,3,4,5,6} 
for the set of all idempotent elements of S. Now, G; = {1} as 1 is the only regular two-sided 
element of 1. Obviously, we have Gz = {2}, Gs = {3}, G4 = {4}, Gs = {5}, Gs = {6}. Further 
G1, G2, G3, G4, G5, Gg are groups and they are mutually disjoint also C = G1 U G2 U G3 U G4 U 
Gs U Gs. 
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Abstract In order to obtain a lower bound of Merrifield-Simmons index of the tree-type 
hexagonal systems, the zig-zag tree-type hexagonal systems are taken into consideration. In 
this paper, some results with respect to Merrifield-Simmons index of zig-zag tree-type hexag- 
onal systems are shown. Using these results, hexagonal chains and hexagonal spiders with the 
lower bound of Merrifield-Simmons index are also determined. 


Keywords Merrifield-Simmons index, zig-zag tree-type hexagonal system, hexagonal spider. 


91. Introduction 


A hexagonal system is a 2—connected plane graph whose every interior face is bounded by 
a regular hexagon. Hexagonal systems are of great importance for theoretical chemistry because 
they are the natural graph representations of benzenoid hydrocarbons [2]. A hexagonal system 
is a tree-type one if it has no inner vertex. The zig-zag tree-type hexagonal systems are the 
graph representations of an important subclass of benzenoid molecules. A considerable amount 
of research in mathematical chemistry has been devoted to hexagonal systems [2-16]. 

In order to describe our results, we need some graph-theoretic notations and terminologies. 
Our standard reference for any graph theoretical terminology is [1]. 

Let G — (V, E) be a graph with vertex set V(G) and edge set E(G). Let e and u be an 
edge and a vertex of G, respectively. We will denote by G — e or G — u the graph obtained from 
G by removing e or u, respectively. Denote by Nu the set {v € V(G) : uv € E(G)) U {u}. Let 
H be a subset of V(G). The subgraph of G induced by H is denoted by G[H], and G[V V H] is 
denoted by G — H. Undefined concepts and notations of graph theory are referred to [11-16]. 

Two vertices of a graph G are said to be independent if they are not adjacent. A subset I 
of V(G) is called an independent set of G if any two vertices of J are independent. Denote i(G) 
the number of independent sets of G. In chemical terminology, i(G) is called the Merrifield- 
Simmons index. Clearly, the Merrifield-Simmons index of a graph is larger than that of its 
proper subgraphs. 

We denote by V, the set of the hexagonal chains with n hexagons. Let B, € Wn. We 
denote by V3 = V3(B,,) the set of the vertices with degree 3 in Bn. Thus, the subgraph B,,[V3] 
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is a acyclic graph. If the subgraph B,,[V3] is a matching with n — 1 edges, then Bn is called a 
linear chain and denoted by Ln. If the subgraph B,,[V3] is a path, then B, is called a zig — zag 
chain and denoted by Zn. If the subgraph B,,[V3] is a comb, then B, is called a helicene chain 
and denoted by H, (see [11]). 

Denote by T, the tree-type hexagonal systems containing n hexagons. Let T = (J^ Tn, 
and T € T. Let H be a hexagon of T. Obviously, H has at most three adjacent hexagons in T; 
if H has exactly three adjacent hexagons in T', then H is called a full-hexagon of T; if H has 
two adjacent hexagons in T', and, moreover, if its two vertices with degree two are adjacent, 
then call H a turn-hexagon of T; and if H has at most one adjacent hexagon in T', then H is 
called an end-hexagon of T. It is easy to see that the number of the end-hexagons of a tree-type 
hexagonal system of n > 2 hexagons is more two than the number of its full-hexagons. Let 
T € T and let B = H4H5...Hy,k > 2 be a hexagonal chain of T. If the end-hexagon Hı 
of B is also an end-hexagon of T, the other end-hexagon Hj is a full-hexagon of T, and for 
2<i<k-—1, Hi is not a full-hexagon of T, then B is called a branch of T (see [16]). If any 
branch of T' is a zig-zag chain, then T' is called zig-zag tree-type hexagonal system. Both a 
zig-zag hexagonal chain and zig-zag hexagonal spider are zig-zag tree-type hexagonal systems 
with no full-hexagon and only one full-hexagon, respectively. 


92. Some useful results 


Among tree-type hexagonal systems with extremal properties on topological indices, Ln 
and Zn play important roles. We list some of them about the Merrifield-Simmons index as 
follows. 

Theorem 2.1.9 For any n > 1 and any Bn € Yn, if Bn is neither Ln nor Zn, then 


(Zn) < i(B4) < i(Ln). 
Theorem 2.2.9 For any n > 1 and any T € Ty, if T is not Ly, then 
i(T) < i(L,). 


Among many properties of i(G), we mention the following results which will be used later. 
Lemma 2.1.!!] Let G be a graph consisting of two components G4 and G2, then 


i(G) = i(G1)i(G2). 
Lemma 2.2.!!] Let G be a graph and any u € V(G), then 
i(G) 2 i(G — v) -(G — N,). 


Lemma 2.3.!!] Let G be a graph. For each uv € E(G). Then 





i(G) — i(G — u) - i(G— u— v) <0. 


Moreover, the equality holds only if v is the unique neighbor of u. 
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Let A and B be any graphs and C be a hexagon. Let G = AQ?C. Let r and s be two 
adjacent vertices of B of at least degree two. Denote by GB the graph obtained from G and 
B by identifying the edge ab with rs; by GgB the graph obtained from G and B by identifying 
the edge bc with rs; by Gc B the graph obtained from G and B by identifying the edge cd with 
rs (see [11]). 

Lemma 2.4.1] Let A, B, G— AQ?C,G,B and G¢B, if i(A — x) < i(A— y), then 


i(G;B) < i(G,B). 


Lemma 2.5.01 Let A, B, G— AQ7C, G,B, GB and G,B, then 

(a) (G,B) < (G3), 

(b) i(GcB) < i(GgB). 

We add some notations which are convenient to express useful results. For a given zig-zag 
chain Zi, denote by Lp, Tk, Yk, Vp the four clockwise successful vertices with degree two in one 
of end-hexagons (see Fig. 2.1 ). 


1 
Tk 


RRR oo 


Yr—-1 Yk-1 




















Fig. 2.1 Z, and Zy 4 


Lemma 2.6. Suppose G is a zig-zag chain with k hexagons. Then 


i( Zx) 3 2 2 1 
i(Zk =p = Yk) 1 1 1 1 . 
(Zi) 
i(Zy — Zk — Ly — yk) 1100 f ; 
l / i(Zk—1 — Uii) 
i(Zk — Bk — yk — Vy) = 1010 . (1) 
: j i(Zk-1 — Yr-1) 
i(Zk — y.) 3.020 (Z ; 
D —1 Ye-1 — Yk— 
Gea) 3 $134 k—1 — Uk-1 — Uk—1 
i(Zk — yk — yx) 2010 


By applying Lemma 2.1 and Lemma 2.2, it is easy to obtain the result. 

Lemma 2.7. Keep the notations as in Lemma 2.6 and suppose Z; is a zig-zag chain with 
k(k 2 3) hexagons. Then 

(a) i(Zx — a — yx) > i(P5)i(Zx-2) + i(P5)i( Z2 — vi 2); 

(b) (Ze — zx — yk — yp) < i(Pa)i(Ze—2) + (P) (Za-2 — 9 3s 

(c) (Zr — Ep — zy — yx) < i(Ps)i(Ze-2 — yr-2) + (Ps)i( Z2 — Yk-2 — Vi) 
Where Pm(m = 3,4,5) is the path with m vertices. 

Proof. (a) Set fi(k) = (Zi), folk) = i(Ze — zx — ye), falk) = (Ze — Zk — Ye — Yy), 
fa(k) = i(Zy — £k — 2 — Yk), fs(k) = (Zu — Yr), folk) = i(Zx — yr) and fz(k) = (Ze — yx — Yr). 
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Applying Lemma 2.6 to Zk — £k — yk, Zy-2 and Zp_2 — V. we get 


i(Zk— ík —x) = folk) 
= filk—1)+ fs(k—1)+ fe(k—1) + fr(k— 1) 
10fi(k — 2) + 4fs(k — 2) + 6 fe(k — 2) + 2f7(k — 2) 








I 


and 
i(P5)i( Za) + i(P3)i( Za 2 — yy 2) = 135 (k — 2) + 5fs(k — 2). 


Since fi(k — 2) = fe(k — 2) + fs(k — 2) for k > 3, then 
Ai = d(Zy— zy — yk) — [i(Ps)i(Ze—2) + i(P3)i(Zi-2 — Vi -2)] 
= —8fi(k— 2) — fs(k — 2) + 6fe(k — 2) + 2fz(k — 2) 
= 3f6(k— 2) —3fs(k — 2) — fs(k — 2) + 2fz(k — 2). 








Since Zk — £k — Yk ay, is the proper subgraph of Zg — yp, then i(Zy — yr) > i(Ze—Lk — yx —Yp)- 
By Lemma 2.2, we have 2 f7(k — 2) > fs(k — 2). Therefore A; > 0. 


(b) Similar to the proof of (a), by Lemma 2.6, we obtain 


i(Zk— z&— yk — Yr) =  fa(K) 
= filk—1)+ fe(k — 1) 
= 5fi(k—2)+4fs(k — 2) +3fe(k — 2) + 2fz(k — 2), 








i(Pa)i(Zx-2) + 1(P3)i(Zx-2) = 8fı (k — 2) + 5fs(k — 2). 
Thus 


i(P1)i(Zp—2) + i(P3)i(Ze-2) — (Ze — Ek — Yk — Yr) 
3f (k — 2) + falk — 2) — 3fe(k — 2) - 2fr(k — 2). 


A2 





Il 





II 


According to Lemma 2.2, we have fi(k — 2) = fe(k — 2) + fs(k — 2). So 


A» 3fi(k — 2) + fs(k — 2) — 3fe(k — 2) — 2f7(k — 2) 


[2fs(k — 2) — fr(k — 2)] + [fs(k — 2) — fr(k — 2)] + fs(k — 2). 





Note that Z% — yy — y; is the proper subgraph of Zp — Vis then i(Z, — y,) > i(Zx — Yk — Vp): 
By Lemma 2.2, we have 2f3(k — 2) > fz(k — 2). Therefore A5 > 0. 


(c) Similar to the proof of (a), (b), by Lemma 2.6, we have 


i(Zy — Ek — yk — £p) = falk) 
-fhü-—1-Jfk-1) 
= 6fi(k — 2) + 2fs(k — 2) + Afg(k — 2) + fr(k — 2), 
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and 
i(P5)i(Zu-2 — yk-2) + (Ps)i(Zt-2 — yk-2 — Yaz) = 13fs(k — 2) + 5fz(k — 2). 


'Then 





Ag = ((P5)i(Zy-2 — yk-2) + i(Ps)i(Zk-2 — Yk-2 — V2) — (Ze — Be — Yk — v4) 
= —6fi(k — 2) — 2fs(k — 2) + 9fe(k — 2) + 4f7(k — 2) 
= 3f6(k — 2) — 6f3(k — 2) — 2fs(k — 2) + 4fz(k — 2) 
= 2fi(k — 3) +6fs(k — 3) — 3fo(k — 3) + 3fz(k — 3). 











Since Zk—3 — yx—3 is the proper subgraph of Z,—3, then i(Zy 3) > i(Zk-3 — yx-3). By Lemma 
2.2, we obtain 2f5(k—3) > fe(k—3). Therefore A3 > 0 and the proof of Lemma 2.7 is complete. 


93. Preliminary results 


Suppose Tı, Tə € T, and p;,q; are two adjacent vertices with degree two in T;,i = 1,2. 
Denote by Ti(pi,q1) & To(p2, q2) the tree-type hexagonal system obtained from T3 and T by 
identifying pı with p2, and qı with qo, respectively. 

In the present section, for a given T € T, we always assume that s,t are two adjacent 
vertices with degree two in T. For a given linear zig-zag chain Zi, denote by Lp Tk, Yk, m the 
four clockwise successful vertices with degree two in one of end-hexagons (see Fig. 3.1.). 


S 



































Fig.3.1. 


Theorem 3.1. Keep the notations as Lemma 2.7. For any T € T and k > 3 (see Fig. 
3.1). Then 
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a) i(T(s,t) & Zx(zx,yx)) > i(T(s,t) & Zp(ax,_4,€e-1)), 
(b) i(T (5,1) & Ze (2, ax) > i(T (8, t) & Zelaya, 241)), 
(c) i(T(s,t) & Ze(yi, Y) > UT(s, t) & Zu (ni, 2011))- 
Proof. (a) By Lemma 2.1 and Lemma2.2, we get 


T 
T 





i(T(s,t)® Zk(£k,Yk)) = i(T—s—t)i(Ze— xe — yx) +i(T — Ni)i(Ze — tk — Yk — Yp) 
+i(T — N,)i(Zy — zy — Yk — 23) 
= i(T —s—t)fo(k) - (T — Ni) f(k) + i(T — Ne) falk), 











and 
i(T(s,t) 8 Zy(z, 4,2; 3) = i(T — s  t)[3i(Zi 3) + 5i(Zk-2 — yy )] 
+i(T — Ni;)[Bi(Zy-2) + 5i(Zk-2 — Vx 2)] 
+i(T — NS)[13i(Zk 2 — yk-2) + 5i(Zk-2 — Yk-2 — Vk-2)] 
= i(T—s—t)[13fi(k — 2) + 5fs(k — 2)] 

HT — N:)[8 fi (k — 2) + 5fs(k — 2)] 
+i(T — N,)[13f6(k — 2) + 5f7(k — 2)]. 

Then 


A4, = i(T(s,t) 8 Zy(xx,yx)) — i(T(s, t) & Zy(zy ,, 24-1) 
= i(T—s-—t){fo(k) — [18 fi(k — 2) + 5fs(k — 2)]) 

(T — NOE fa(k) — [Bfi(k — 2) + 5fs(k — 2)]) 

+i(T — Ns){fa(k) — [13 fe(k — 2) + 5fz(k — 2)}}. 











From Lemma 2.7, we have fo(k) > 13 f1(k-—2)+5fs5(k—2), fa(k) < 8fi(k — 2) - 5fs(k — 2) 
and falk) < 13f6(k — 2) + 5fr(k — 2). If i(T — Nj) < i(T — N,), then 





A4 > (T — Ns)[fa(k) + fs(k) + fa(k) — 21 fı (k — 2) — 10fs(k — 2) — 13fg(k — 2) — 5fz(k — 2)]. 


Otherwise 





Aa > i(T — Ny)[fo(k) + fa(k) + falk) — 215 (k — 2) — 10fs(k — 2) — 13f6(k — 2) — 5fr(k — 2]. 


Since fo(k) + f3(k) + fa(k) — 21 fi(k — 2) — 10fs(k — 2) — 13 f6(k — 2) — 5fz(k — 2) =0, therefore 
A4 > 0 and similar to the proof of (a) and Lemma 2.7, we obtain 

() i(T(s,t) & Ze, 2) > UT(s,t) @ Zu (ri a 281) 

(c) i(T(s,t) & Zy(yx, yx)) > i(T(s,t) & Zk(£p—1,£k-1)). The proof of Theorem 3.1 is com- 
plete. 

Corollary 3.1. For any k > 3, then 

(a) i(Ln(8,t) & Zu (zi. yx) > i(L (s.t) ® Ze(@,_1,k-1)), 

(b) i(Ln(s,t) & Zy(z,, ux)) > i(Ln(s,t) & Zp(a,_4,€e-1)), 

(c) i(La (5,0) © Zi (ui ji) > ios (5,0) xy. 1 2e-1)). 
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94. Zig-zag tree-type hexagonal systems 


A graph G is called a zig-zag tree-type hexagonal system if it is a tree-type hexagonal 
system and any branch of which is zig-zag chain. 


We shall use Z* to denote the set of all zig-zag tree-type hexagonal systems with n hexagons. 
For a given graph Z* € Z*, we denote by ZŁ the graph obtained from Z* whose every branch 
is transformed by transformation I (see Fig. 4.1). 


A graph G is called a spider if it is a tree and contains only one vertex of degree greater 
than 2. For positive integer n1,n2,n3, we use S(nj,na3,na) to denote a hexagonal spider with 


three legs of lengths n1, n2 and na, respectively (see [11]). 


If a hexagonal spider S(ni,n3,n3) whose 3 legs are linear chains, then such a graph is 
called a linear hexagonal spider and denoted by L(n1, 12,73) ( see [11]). 


Similarly if each leg of S(n1,n2,n3) combining with the central hexagon is a zig-zag chain, 
then such graph is called a zig-zag hexagonal spider and denoted by Z(ni,n»,n3a) (see [11]). 
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or 





Fig. 4.1 


Transformation I. Let Z; = Hı Hə- -- Hk and Zi Q) H be a branch of T (see Fig. 4.1.). 
Firstly, the graph T can be obtained from T — Z; and Z;, by identifying the edge uiv; of 
Hy-1 with the edge sıtı of H. Secondly, the graph T" can be got from T Zy-2 and Zi. 3 
by identifying the edge uzv of Hj.3 with the edge sət2 of Hj. ,. Finally, by repeating this 
operation, the graph T” can be obtained. If T = Zn, only let H = Hy. 

Theorem 4.1. For any Z* € Z% and any n > 4. Then 


(2) < i(Z*). 


Moreover, the equality holds if and only if Z+ & Z*. 

Proof. Note that the graph Z+ is obtained from Z* whose every branch is transformed 
by transformation I, and by Theorem 3.1, we get i(Z+) < i(Z*). Moreover, the equality holds 
if and only if Zt = Z*. 

By repeating to apply transformation I on a hexagonal spider S(n1, n2, ng) and Zn, and 
according to Theorem 3.1, we will also obtain a good lower bound of Merrifield-Simmons index 
of Zn and Z(n4,n»,na) as follows. 

Theorem 4.2. For any Z* (n1, n2, n3) € Z(n1,n2,n3) with n hexagons and any n > 4. 
Then 

i(Z^(mi,na,na)) € i(Z*(n1,n2,ma)) < i(L(n1, na, n3)). 


Moreover, the equality holds if and only if Z+ (n1,na,n3)) & Z* (n1, na,ma)). 
Theorem 4.3. For any Z* € Zn and n > 4. Then 


(D) ed Z*) < i(Ln). 
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Abstract For any positive integer n, the Smarandache reciprocal function Se(n) is defined 
as the largest positive integer m such that y | n! for all integers 1 € y € m, and m -- 11 nl. 
And for any positive integer n and m, the Pseudo-Smarandache dual function Z. (n) is defined 
as the largest positive integer m such that mont | n. In this paper, we use the elementary 
methods to study the solvability of the equation S.(n) = Z.(n) +n, and give its all positive 
integer solutions. 

Keywords Smarandache reciprocal function, Pseudo-Smarandache dual function, equation, 


solution. 


91. Introduction and results 


In reference [1], A. Murthy introduced function Se(n), which is called the Smarandache 
reciprocal function. It is defined as the largest positive integer m such that y | n! for all integers 
l<y<m, and m--141n!. That is, 


S-(n) 2 max (m: m € N, y | n! for all integers 1 < y € m, andm+1 {nl}. 


For example, the first few values of Se(n) are: Se(1) = 1, $,(2) = 2, $,(3) = 3, Sc. (4) = 
4, S.(5) = 6, S.(6) = 6, S.(7) = 10, S.(8) = 10, S.(9) = 10, S.(10) = 10, S.(11) = 
12, Se(12) = 12, S.(13) = 16, S.(14) = 16, $,(15) = 16, S.(16) = 16, Se(17) = 18, $,(18) = 
lS 
Some authors had studied the elementary properties of S.(n), and obtained many inter- 
esting conclusions. For example: 

If S.(n) = x and n Æ 3, then x + 1 is the smallest prime greater than n. 

On the other hand, for any positive integer n, the Pseudo-Smarandache dual function, 
denoted by Z,.(n), is defined as the largest positive integer m such that mmt) | n. That is, 

Z.(n) = max {m: m € N, mont D | n), 

where N denotes the set of all positive integers. 

From the definition of Z,.(n), we find that the first few values of Z,(n) are: 

Z.(1) =1, Z2) =1, Z(3) =2, Z.(4) = 1, Z5) =1, Z.(6) =3, ZL() =1, Z.(8 = 
1, Z9). 

About this function, some authors had studied its properties, and obtained a series of 


interesting results, see references [2-5]. Such as: 
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For any prime p > 3, and k € N, 


2 
1 


> if p=3, 

, if pZz£3. 
For any prime p, q > 3 satisfying p = 2q — 1, Z.(pq) = p. 
For all integers a, b > 1, Z,(ab) > max {Z,(a), Z,(b)}. 
For any integer s > 1 and any prime p, Z.(3* - p) > 2. 


Z,(p*) = 


In reference [4], Professor Zhang Wenpeng and Li Ling proposed the equation Se(n) = 
Z.(n) +n, and give the following: 
Conjecture. For any positive integer n, the equation 


S.(n) = Z.(n) +n. (1) 


2a+1 where p (> 5) and pett + 2 are primes, a € N. 
, p 


holds if and only if n = p 
A.A.K Majumdar studied this problem, and found several counter-examples to the conjec- 


ture. For example, 
S.(35) = 36 = Z,(35) + 35, S.(65) = 66 = Z.(65) 4-65, S.(TT) = 78 = Z,(77) + 77. 


The main purpose of this paper is to study the solvability of the equation (1), and find its 
all positive integer solutions. 

That is, we shall prove the following: 

Theorem. The equation (1) has infinite solutions, they are: 

1. n = p?**, where p (> 5) and p?**! + 2 are primes, a € N. 





2. n = pips? ---per = ujvit; where pi, po,::: , p, are distinct odd primes > 5, r isa 
positive integer > 2, and (u;, vi) = (vi, ti) = (ti, uj) = 1, à € N satisfying the following 
conditions: 

(a). For any vu; | uj, v; | vi, v; A 2u; 1. 

h T h 
(b). For n = II (6a; — 1)“ - II (6a; +1)™, if 5 ai = k is an odd integer, and n + 2 
i=1 j=h+1 i=1 
is a prime. 


§2. Some useful lemmas 


Lemma 1. For any prime p, q > 3 satisfying p = 2q + 1 , then Z,(pq) = p — 1. 
-1 

Proof. pp) = pq, so Z,(pq) — p — 1. 

Lemma 2. If n = 35 - t, for any positive integer s and composite integer t, Z.(n) > 2. 

Lemma 3. n= pi'p$?^-:-:p?7 = ujvit;, where pi, po,-:: , p, are distinct odd primes > 5, 
r is a positive integer > 2, and (u;, vi) = (vi, ti) = (ti, u)-1,i€N. 

If ui | uj, v; | vi, v; = 2u; — 1, then Z.(n) = max (v) = vi. 

Proof. Let Z.(n) = m, we have, 


m(m + 1) 
2 


| uiviti, 
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and it is clear that, 
v (v, +1 
noie D = wv | uviti. 
Then m = v}. 
Lemma 4. n= pi p$?^--:p?* = uj;vjt;, where p, po,-:: , p, are distinct odd primes > 5, 
r is a positive integer > 2, and (u;, vj) = (vi, ti) = (ti, wi) 2-1, 4€ NN. 
If ui | uj, v; | vi, v; = 2u; +1, then Z,(n) = max (v; — 1) = vj — 1. 
Lemma 5. If n = pips? --- p?" = u;vit; where pi, po,::: ,p, are distinct odd primes 
25,risa positive integer > 2, and (ui, vj) = (vi, ti) = (ti, ui) 21, à € N. If u, | ui, vi | vi, 
v; zz 2u; +1, then Z,(n) = 1. 





93. Proof of the theorem 


In this section, we shall use the elementary methods to complete the proof of our theorem. 

Now we suppose that n = 2* . s, where s is an odd integer, we discuss the solutions in the 
following several cases: 
(a). If n is an even integer, then k z 0. 

It is clear that n = 2, 4, 6, 8,--- are not the solutions of the equation (1). 

(i) Let t = 1, then n = 2*. 

From the property of Z,(n), we can get Z,(2*) = 1. If S,(2*) = Z,(2*)+2* = 2* +1, then 
2* +2 must be a prime. In fact, 2 | (2^ + 2). Hence, there are no solutions. 

(ii) Let t = p*, then n = 2" - p^, p is an odd prime while o is a positive integer. Let 
Z,(n) = m, we have M+) | 9k. pe. that is m(m +1) | 24+. p^. 

Obviously, (m, m + 1) = 1, (2**!, p?) = 1. So m must divides either 2^*! or p^, while 
m + 1 must divides another. 

A. If m | 2**, m+1 | p*, then m > 2, m+1 > 3. Let (m+1, p“) = d, obviously, 
d — m4 123. Then we can get d | (m 4- 1 - n). 

B. If m | p°, m -- 1 | 2**!, then m > 3, m+1> 4. Let (m+ 1, 2**1) = d, obviously, 
d — m 4 1 > 4. Then we can get 2 | (m 4- 1 4- n). 

Therefore, there are no solutions. 











(iii) Let t be a composite integer, t = pt p5? --- p?", where p1,pa,::: , p, are distinct odd 
primes, and o4, à2,::: ,a € N, r > 2. Let Z.(n) = m, we have 


that is m(m + 1) | 2**1 . t. 

It is clear that (m+ 1, 2% - t) > 2, then (m+1 +n, m+1) 2d » 2. So m4-14- n can not 
be a prime. 

From the cases (i)-(iii), we know that the equation (1) has no even positive integer solutions. 
(b). If n is an odd integer, we get k — 0 and n — s. 

It is clear that n = 5 is a solution of the equation (1). We also obtained n = 377 = 
13-29, n = 437 = 19+ 23, n = 1445 = 5-177, n = 1859 = 11« 137, n = 2387 = 7 - 11 - 31,- 
satisfying the equation (1). 
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(i) Let n = 1, then S,(1) = 1, Z.(1) = 1. Obviously, S«(1) Z Z.(1) +1, son = 1 is not a 
solution of the equation (1). 

(ii) Let n = 3°, where a is a positive integer. Hence, Z.(3?) = 2. 

If S.(3%) = Z, (32) +3% = 3° +2, then 3^ --3 must be a prime. In fact, 3° 4-3 = 0( mod 3), 
here we obtain contradiction, so n = 3° can not satisfy the equation (1). 

(iii) Let n = 3% - t, t = pt! pg? ---p%, where pi, po, +++, p, are distinct odd primes > 5, 
r is a positive integer. Let Z.(n) = m, we can get mer | 3° - t, that is m(m 4-1) | 2-3? - t. 
From the property of Z,(n), we have m > 2, that is m +1 > 3. So(m+1l+n, n) 2d 3, 
and m 4- 1 4- n can not be a prime. 

Therefore, there are no solutions in this case. 

(iv) Let n = p", where p is an odd prime > 5, r is a positive integer. Now we discuss in 
the following cases: 

A. If r = 1, then n = p. Hence, Z,(n) = 1. If p+2 is a prime, then S.(p) = p+ 1. Both 
p and p + 2 are primes holds if and only if 4[p — 1)! + 1] + p = 0( mod p(p + 2)). In this case, 
n — p satisfy the equation (1). 

B. If r = 2a, where a is a positive integer, we can get Z,(p?%) = 1. 

It is clear that 3 { p^. For p* — 1, p*, p* +1 are three continuously integers, then 3 must 
divides one of the three forms. So (p^ — 1)(p^ + 1) must be divided by 3. That is 


(p^ — 1)(p* + 1) = 0( mod 3). 


That is equivalent to p?* = 1( mod 3), then we can get p°“ + 2 = 0( mod 3). 
It means that if S.(n) =n +1, n 4- 2 can not be a prime. 
C. If r = 2a + 1, then Z,(p?*^*!) = 1. According to case A, we can get 


p?^*! = p( mod 3). 


Then p?°t! + 2 = p 4- 2( mod 3). 
If p+ 2 = 0( mod 3), that is p = 1( mod 3), then we can get p?^*! + 2 =0( mod 3). 


2a+1 can be the solution. 


When p?**! + 2 is a prime, p 
(v) Let n = pips? ---p?r = uj;vit; where pi, p2,--- ,p, are distinct odd primes, r is a 


positive integer > 2, and (uj, vj) = (vi, ti) = (ti, u) =1, ic N. 





If there exists a equality v; = 2u +1, where uj, | ui, v; | vi. 

Let Z.(n) = m, we have món1) | n, that is m(m 4- 1) | 2n. 

If S.(n) = Z.(n) +n =m i n, then m + 1 +n must be a prime. According to Lemma 3 
and 4, we can easily get that m + 1 +n can not be a prime. 

So in this case, the equation (1) has no solutions. 

(vi) Let n = pj" pg? --- per = uviti, where pi, pa,::: ,pr are distinct odd primes > 5, r is 
a positive integer > 2, and (ui, vi) = (vi, ti) = (ti, uj) 2 1, i € N. For any v; | ui, v; | vi, 
v; #4 2u; +1. Then we can get Z,(n) — 1. 

If Z.(n) 4- n 4- 1 2 n 2 be a prime, n can be the solution of the equation (1). 

Now we discuss the solutions in the following several parts: 

A. For any prime p; > 5, p; = 6a+1 or p; = 6a— 1, every odd integers > 5 can be expressed 
as 6a — 1, 6a + 1 or 6a +3. Obviously, 3 | (6a + 3), so (6a + 3) can not be a prime. 
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h T h 
B. Mark n — II (6a; — 1)“ - II (6a; +1), and 5 ai = k, where h € r. 
i=1 j=h+1 i=1 


If k is an odd integer, we can get 


T 


h 
II (6a; — 1)** - Il (6a; + 1) = —1( mod 3). 


i=1 j=h+1 


So n +2 = 1( mod 3). n is the solution if n + 2 be a prime. 

If k is an even integer, we can get n + 2 = 0( mod 3). Hence, for any integer n, n + 2 can 
not be a prime. In this case, the equation (1) has no solutions. 

Thus, the theorem is established. 
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Abstract For any positive integer n, the famous Smarandache 3n-digital sequence {a(n)} 
is defined as a(n) = giga such that gı = n, g2 = 3n. That is, the numbers that can be 
partitioned into two groups such that the second one is three times bigger than the first. The 
main purpose of this paper is using the elementary method to study the properties of the 


Smarandache 3n-digital sequence, and solved a related conjecture. 


Keywords Smarandache 3n-digital sequence, elementary method, conjecture. 


91. Introduction and results 


For any positive integer n, the famous Smarandache 3n-digital sequence a(n) is defined as 
follows: a(n) = giga, where gı = n, go = 3n. That is, the numbers that can be partitioned into 
two groups such that the second one is three times bigger than the first. For example, a(1) — 
13, a(2) = 26, a(3) = 39, a(4) = 412, a(5) = 515,---. In reference [1], Professor F. Smarandache 
asked us to study the properties of the sequence {a(n)}. About this problem, professor Zhang 
proposed the following: 

Conjecture. There does not exist any complete square number in the Smarandache 3n- 


digital sequence a(n). That is, the equation 
an = m? (1) 


has no positive integer solution. 
In reference [2], Jin Zhang studied this problem, and proved the following conclusions: 
Proposition 1. If positive integer n is a square-free number (That is, for any prime p, if 
p | n, then p? t n), then a(n) is not a complete square number. 
Proposition 2. If positive integer n is a complete square number, then a(n) is not a 


complete square number. 


In this paper, we using the elementary methods and the properties of the prime distribution 
to study the Smarandache 3n-digital sequence a(n), and partly solved the zhang's conjecture 
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as following: 


Theorem 1. Equation (1) has solutions, and part of the solutions can be expressed as 


follows: 


n2 - (10? (»—1) i+ko + 3) 
n= F 





where p? | (10? (»- D *Fko 4 3), Xr < ny < LE i =0, 1, 2, --- 





Theorem 2. For any positive integer k > 1, there are infinite complete square numbers 
in the Smarandache kn-digital sequence {a;,(n)}. That is, the part of solutions of equation 
a, (n) = m? can be expressed as 


ng - (10P (P-t) i+ko + k) 
p? ) 





where p? | (10P &- D itko + p), A0ke < ny < VER i —0,1,9,..-. 





From above theorems, we can immediately obtain the following: 


Corollary 1. Let b be a positive integer, if b? | (10*° +3), then the solution of the equation 
(1) can be expressed as the following form 


n? - (10*» + 3) 
b2 , 


n= 


where v30b «n« Y3b. 


Corollary 2. Let b be an positive integer, if b? | (10*° + k), then the solution of the 
equation (1) can be expressed as the following form 
2 .(10*o + k 
"US ( Es ) 


b2 


where vite <n < vkb, 


§2. Some useful lemmas 


To complete the proof of the theorems, we need the following several lemmas: 

Lemma 1. Let p be a prime, if p? | (10*°+3), then p? | (10? (P7) itko +3), i = 0, 1, 2, ++. 

Proof. It is clear that if p | (105 +3), (p 42,5), then (10, p?) = 1. From Euler Theorem, 
we have 109 (^^? = 1(mod p?). Note that p? | (10*» + 3), we have 


10? (P-Di*o = _3(mod p?), where i=0, 1, 2, ---, 


sO 
p? | (10? ?7D***o 4 3), where; 20, 1, 2, =. 
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This completes the proof of Lemma 1. 


Lemma 2. Let p be a prime, if p? 4 (10?7! — 1), then there exists a minimum positive 
integer pd such that 10?? = 1(mod p°). 
Proof. let ô = min{d : 107 = 1(mod p), d| (p — 1). Since p? 4 (10?-! — 1), then 
p? { (10? — 1) and 
14-310 3-107 +s. 10° -? = p = 0(mod p), 





(10° — 1) (10/9 ^ + 10728 +... +10? +1) = 10? ° — 1 = 0(mod p°). 


If there exists another positive integer u such that p? | (10" — 1) and u < pô, then 
ó « u < pó. It is obvious that ô | u. Let u = kó(1 < k < p), since 12-10? -- 1029 4-. --+10%798 = 
k # O(mod p), then p 4 (1 + 10? + 102? + --- + 10(*-1)), and p? + (10° — 1), so we have 
p? { (102 —1)(12-10? +1079 +. --+10-9). that is p? + (10° — 1), which obtains a contradiction. 
This completes the proof of Lemma 2. 


Lemma 3. There exists a prime p and a positive integer ko such that p? | (10%° + 3). 

Proof. For any positive integer k, we divided k into three sets as follows 

A= {k| 10% +3 = pl? p? --- p?^, there exist at least aa; > 2,1 € i X r}, 

B = {k | 105 +3 = pps: p,, there exist at least a p;,1 < i < r, satisfies p? | 
(10771 —1)), 

C = {k | 10* +3 = pipa: pr, for any pi,1 € i € r, satisfies p? | (107! — 1)). 

We discuss it in following cases 

Case 1. If k € A,there exists a positive integer o; > 2 (1 <i <r) then p? | (10^ +3). 
This completes the Lemma 3. 
Case 2. If k € B,there exists at least one prime p among pi, po, ..., Pr, which satisfies 
(10?-' — 1). It is obvious that p | (10* + 3) and (p, 10) = 1. From Lemma 2, we have 


p f 
p? 1 (10? — 1) and 


10°*+*: = —3(mod p), where i = 0, 1, 2, ---, kı = k(mod ô). 


For any i = 0, 1, 2, ---, p—1, EE traverse complete residue system mod p. 

Otherwise, suppose that there exists i, j, such that E = ue (mod p), where 
0<i<j<p-—1, then p? | 10fitk (100-8 — 1), so we have p? | (1098-9? — 1). That is, 
1090-2 = 1(mod p?), 1 < j — i < p — 1. From Lemma 2, we have pô is the smallest integer 
such that 10?° = 1(mod p?) and we have po | 5(j — i), that is p | (j — i), which obtains a 
contradiction. 

So, we obtains a i9(0 € io < p— 1) such that ur = 0(mod p), that is p? | (109 +: + 
3) and if ko = ô io + kı, then 





p? | (10*» + 3). (2) 


Case 3. For any prime p among pi, po, ..., Pr, if k € C and p? | (1077! — 1), then 
10(»- Dit + 3 = 10* + 3(mod p?) (j = 0, 1, ---). That is, p? + (10(9-Dj** 4 3),7=0,1,--. 
Combing (1), (2) and (3), we can easily have 


A# Oor BE Ø. 
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Otherwise, k € C and 10* +3 = pypo:--p,. For any p; (1 € i € r),p2 | (10771 — 1). 
Which is impossible. 

For example, if k = 34, then 49 | (10°4+ 3), k € A. If k = 1, then k € B, and this 
completes the proof of Lemma 3. 


93. Proof of the theorems 


In this section, we will complete the proof of the theorem. Firstly, we prove Theorem 1. 
Let n be k digit positive integer, from the definition of {an}, we have 


Qn = Giga = n- (10**! + 3) (3) 
or 
an = g1g2 = n- (10**? + 3). (4) 

Combining Proposition 1 and Proposition 2, we easily get the following results: 

If 10**! +3 or 10**? +3 is a square-free number, then a, is not a complete square number. 
Hence, if a,, is a complete square number, then 10*+! +3 or 10^*? + 3 must be contain square 
element. Now, we construct the solution of equation (1) by the square number of 10**1 +3 or 
104+? +3. 


From Lemma 1 and Lemma 3, there exists prime p and positive integer ko such that 


p? | (10? (67D itko + 3), where i = 0,1,2,.... 








If 
102 P-VYit+ko 4 3 
g-n2nj- s (5) 
p 
i € ini < 1 (That is v30p <n < e), then the number gz = 3n = ani - (10? (P=!) i+ko 4 3) 


contains p (p — 1) i + k, digits, then we obtain 


Qn = 9192 


—1)itk 
10? (P-L i+ko 4 3 . (10 (P- D i+ko 4 3) 














= n 
1 p 
10? (Q—1) itko 4.3 
= n? p? . 2 2 
p 

E (p—1) ick /3 

10PiP-)vt**o + 3 v 30 3 

m —n- : En ,where i = 0,1,2,..., ap emet, (6) 


then (6) is the solution of the formula (1), and this completes the proof of Theorem 1. we can 
also prove Theorem 2 using the same method of Theorem 1. 
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Abstract The relation £" on any semigroup S provides a generalization of Green's relation 
£L. A semigroup S is called U-rpp semigroup if each LY -class of S contains at lest projection 
e from U, where U is a non-empty subset of E(S). The aim of this paper is to study a class 
of U-rpp semigroups, namely, left U-rpp semigroups. After giving some characterizations of 


left U-rpp semigroups, we establish a structure of this kind of semigroups. 


Keywords Left U-rpp semigroups, right zero bands, U-left cancellative semigroups. 


81. Introduction 


Suppose that S is a semigroup and E(S) is the set of all idempotents of S. We now consider 
a non-empty subset U C E(S), namely, the set of projections of S. Then a relation LY on S is 
defined as a£" b if and only if a and b have the same set of right identities in U, that is, for all 
u € U, au — a if and only if bu — b. 

It can be easily verified that £L C £* CLU on a semigroup S. 

We say that a semigroup S$ is called U-rpp semigroup if each LY -class of S contains at 
least one projection of S and LY isa right congruence on S, denoted by (S,U). 

Clearly, regular semigroups and rpp semigroups are all U-rpp semigroups. 

We call a U-rpp semigroup (S,U) a left U-rpp semigroup if U is a subsemigroup and 
xey = exy for any e € U and for all x,y € S! with y Z 1. 

In fact, left U-rpp semigroups are U-rpp semigroups whose projections are left central. A 
rpp semigroup with left central idempotents have been studied by Ren-Shum in [2]. It was 
proved in [2] that the a rpp semigroup S with left central idempotents is isomorphic to a strong 
semilattice of left cancellative right stripes. In this paper, we will prove that a semigroup S is a 
left U-rpp semigroup if and only if S is a semilattice of a direct product of a U-left cancellative 
monoid and a right zero band; if and only if S is a strong semilattice of a direct product of a 
U-left cancellative monoid and a right zero band. 

For any notation and terminologies not given in this paper, the reader is referred to [4], [5] 
and [6]. 
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§2. Preliminaries 


Throughout this paper, (S,U) is a U-semiabundant semigroup. As usual, we denote the 
LY -class of S containing the element a by LU. 


The following lemmas give some basic properties of relation £" on (S, U). 

Lemma 2.1. Let a € (S,U) and e € U. Then aĉe if and only if ae = a and for all 
f €U, af =a implies ef =e. 

It follows immediately from definition the following results. 

Lemma 2.2. If (S,U) is a U-rpp semigroup and e, f are elements of U, then e£ f if and 
only if e£ f. 

Lemma 2.3. If (S, U) is a left U-rpp semigroup, then every LU -class of S contains a 
unique projection. 

Proof. Let (S,U) be a left U-rpp semigroup. Then for any a € (S,U) there exists 
eE UN LU such that a = ae. Hence, we have that ea = eae = aee = ae = a. If f € UN LY, then 
it is clear that (e, f) € LY. By Lemma 2.2, it follows that (e, f) € £ so that f = fe=ef =e. 


We now use a* to denote the unique projection of Iu containing element a. It is clear that 








a*a = a — aa* on a left U-rpp semigroup (S, U). Moreover, it can easily verified that the set of 
projections U of a left U-rpp semigroup (S, U) forms a right normal band. 

Lemma 2.4. Let (S, U) be a left U-rpp semigroup. Then LY is a congruence on (S,U). 

Proof. Since £" isa right congruence, we only need to show that LY is a left congruence. 
Suppose that (a,b) € LY for any a,b € S. Clearly, a* = b* by Lemma 2.3. To prove that 
(ca, cb) € £V for any c € (S,U), we suppose that cae — ca for any e € U. 

Clearly, (c, c*) € LU. Then, (ca, c*a) € LY because LY is a right congruence. By Definition 
of LY, c*ae = c*a and so c*aa*e = c*aa*. By our hypothesis, ac*a*e = ac*a*. 

Since (a,b) € LY and LY is a right congruence, it follows that (ac*a*,bc*a*) € LY so 
that bc*a*e = bc*a*. Using the fact that a* = b*, we deduce that bc*b*e = bc*b*. Hence, 
c*bb*e = c*bb*, that is, c*be = c*b. It is clear from (cb, c*b) € LY that cbe = cb. Similarly, we 
can show that cbe = cb implies that cae = ca. This shows that (ca,cb) € LY so that LY is a 
left congruence on (S, U). Consequently, LY is a congruence on (S,U). 

Lemma 2.5. If (S, U) is a left U-rpp semigroup, then (ab)* = a*b* for all a,b € (S,U). 

Proof. Suppose that a, b are two any elements of (S, U). It is clear that a£" a* and bLYb*. 
Since LY is a congruence on (S,U), it follows from Lemma 2.4 that (ab,a*b*) € LY. Hence, 
(ab)* — a*b* by Lemma 2.3. 

Theorem 2.6. Suppose that (S,U) is a left U-rpp semigroup. Define a relation o on 
(S, U) by aob if and only if a*b* = b* and b*a* = a* for all a,b € (S, U). Then c is a semilattice 
congruence on (S, U). 

Proof. It is clear that o is reflexive and symmetric. 

To see that o is transitive, we let acb and boc. Clearly, a*b* = b*,b*a* = a* and b*c* = 
c',c*b* = b*. Thus, we have that 
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and 


c*a* = c'(b*a*) = (c*b*)a* = b*a* =a". 


Hence aoc, that is, o is transitive. Thus o is an equivalence relation. 
Next we prove that c is right compatible. Let acb for any a,b € (S,U). Then for any 
c € (S,U), 


(ac) (bc)* = a*c*b*c* = c'(a*b*)c* = c'b*c* HVE = bct = (be)*, 


and 
(bc)*(ac)* = b*c*a*c* = c'(b'a*)c* = c'a*c* = a*c*c* = a*c* = (ac). 


By the definition of c, it follows that acobc. Similarly, we can prove that caocb so that o is a 
congruence on (S, U). Finally, we prove that c is a semilattice congruence on (5S, U). For this 
purpose, we let a,b € (S,U). It follows that (ba)*(ab)* — b*a*a*b* — b*a*b* — a*b* — (ab)* 
and (ab)*(ba)* = a*b*b*a* = a*b*a* = b*a* = (ba)*. Hence, aboba. It is easy to see that a?ca. 
Thus, ø is indeed a semilattice congruence on (S, U). 

Finally, we need the following definition in section 3. 

Definition 2.7. A left U-rpp semigroup (S, U) is said to be U-left cancellative if for all 
a,b € (S, U) and for all e € U, bae — ba implies ae — a. 

It is easy to see that left cancellative semigroups are U-left cancellative semigroups. 


83. Structure theorem 


In this section, we will establish a structure theorem for left U-rpp semigroups. 

Theorem 3.1. The following statements are equivalent on a semigroup 5: 

(i) (S, U) is a left U-rpp semigroup. 

(ii) (S, U) is a semilattice of semigroup Sa which is a direct product of a U-left cancellative 
monoid M, and a right zero band Ag. Moreover, U = LJ, cy (14, i) : La is the identity of Ma, i € 
Aq}. 

(iii) (S,U) is a strong semilattice of semigroup Sa which is a direct product Ma x Aa, 
where Ma is a U-left cancellative monoid and Aq is a right zero band and U = UL Jac y (15, 4) : 
la is the identity of Ma, i € Aa}. 

Proof. (i) => (ii) Let (S,U) be a left U-rpp semigroup. Then by Theorem 2.6 there 
exists a semilattice Y such that (S, U) = Ugey Sa, where Sq is a c-class of (S, U). 

First we show that every Sa can be expressed as a direct product of a U-left cancellative 
monoid and a right zero band. For each a € Y, let Ag = SgNU. Suppose that a € Sa. Clearly, 
aca* so that a* € Ag. It is easy to see that eof for any e, f € Ag. Thus ef = f and fe =e. 
This implies that A4 is a right zero band. 

Let Ma = Sala for some projection e, € UN Sa and a,b € Ma. Hence a = re, and 
b = Yea for some z,y € Sa. Since o is a semilattice congruence, it is clear that ry € Sq. 
Consequently, ab = rea yea = rye2, = xyes which implies ab € S,e, = Ma. Hence, Ma is a 
monoid with the identity ea- 
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Suppose now that bae = ba for any a,b € Ma and for any projection e € U N Ma. Clearly, 








a= xe, and b= ye, for some x,y € Sa. Hence, we have that yegrege = yxege = yte = yLeg 
so that (yze)* = (yxe4)*. It is easy to see that zox*. Hence, y*z*e = y*x*e, so that z*e = z*e, 
since z*oy*. It follows that xrx*e = xz*ea, that is, ae = aea = a. This shows that M, is a 
U-left cancellative monoid. 

Define o : Ma x Aa — Sa by v(x, f) = xf for any r € Ma and any f € Aa. Now 
we can claim that is an isomorphism. For any (z,f),(y,g) € Ma x Aa, it follows that 
elx, f)e(y,g) = «fyg = vyfg = xyg = vl|(v, f)(y, g)] which implies that p is a homomorphism. 

Suppose that y(x, f) = (y, g) for (x, f), (y, g) € Ma x Aa.Then zf = yg and so rfe, = 
ygea where ea € Sq. Noticing that A, is a right zero band, we immediately deduce that 








Zea = Yea, that is, x = y which gives that xf = xg. By Lemma 2.5, we can deduce that 
x*f = x*g with z* € Aa. Since A, is a right zero band, it then follows that f = g. Thus, 
(x, f) = (y, g). This shows that ¢ is injective. 


To see that q is surjective, we just take any a € Sy. Clearly, (aea, a*) = aega* = aa* = a. 








This shows that q is surjective. Hence Sa ~ Ma x Aq. 
Since (S,U) is a a left U-rpp semigroup, it is clear that efg = feg for all e, f,g € U. This 
shows that U is a right normal band. 


(ii) => (iii) Suppose that (S,U) is a semilattice of $4 = Ma x Aa such that Ma is a U-left 
cancellative monoid and A, is a right zero band. Let U = UJ, cy ((14, i) : La is the identity of Ma, 
i € Ag). Take eg = (1g,j) such that a > f. Then for each a in S, the product ega is 
in Sg = Mg x Ag and so write ega = (x,i) for some x € Mg and some i € Ag. Define 
PaB : Sa — Se by apa,g = ega. It is clear that Ya,a is the identity mapping on S4. Let 
g = (18,1) € Mg x Ag, where 1g is the identity of Mg. Then we have 


egag = (v, i) (10,1) = (v, i) = ega, 
and 

g = (18,1) = (15, ) (19, 1) = egg. 

Similarly, let b = (y, l) € Ma x Aq and h = (15,1). Then hb = b. Using the right normality 
of U, we obtain that 
egaegb — egageghb — egaegghb — egaghb — egab, 
which implies that 
APa,pbPa,3 = (ab)ga,g. 


Hence, 5,5 is a homomorphism. 
Next, suppose that a = (x, i) € Sa, h = (14,1) € Sa and a 2 8 > y. Then we have ha = a. 
Because U is a right normal band, it follows that 


eyegh = egeyh = ege,-eyh = eyh. 


Thus, @¥a,86,7 = e4(ega) = eyegha = eha = eya = apo 4. 
This shows that (o,898,4 = Ya,y: 
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Finally, noticing that, for any a in Sa and b in Sg, we deduce that ab = eag(ab) € Sag. 
Clearly, eaga € Sag. Then there exists f? = f € U N Sag such that eagaf = eaga. Similarly, 
there exists e? = eg € U N Sp such that egb = b for any b € Sg. By the right normality of U 


again, we have 
€a80€580 = eaga feapepb = eagaeagfegb = eaga fegb = eagab. 


This shows that ab = ap, aßbP8, ap- Hence S is indeed a strong semilattice of the semigroups 
Sa = Ma X Aa, denoted by (S, U) = [Y; Sa; a,l. 


(iii) = (i) Let (S, U) = [Y ; Sa; Ya,g] be a strong semilattice of semigroup $4 = Ma X Aa 
and the set of projections U = lLJacy((15,2)| la is the identity of Ma,i € Aa}. Let e € 
Sa NU, f € SENU, epaas = (log,t), fvg,og = (lap j). Then ef = (epa, ap)(f PBa) = 
(lag: i)(lag, J) = (lap, j) € U. It follows that U is a band. 

Now we claim that for any a,b € S!,b Æ 1 and e € U,aeb = eab hold. Suppose that 
a,b € S';b A 1 and e € U. Then there exist a, 8, y € Y such that a € S1, b € S] and 
e € UN Sy. Write ô = apy, agas = (z,i), byg, = (y, j) and eg,,; = (15, k), we have 


aeb = (asas) (^,5)(bipg,s) = (x, 0) 15; k) (y, 3) = (2y, J). 


Similarly, eab = (xy, j). Thus, eab = aeb. 

To see that each £V -class of (S, U) contains at least one projection, we first let a = (a, i) € 
Sa and e = (14,2) € Sa NU. Clearly, ea = ae = (x,i) a. For any f € Sg nU, let 
fe,0e = (lag, j). Suppose that af =a. Then we have af = a and 








af = (ao, o8) (f 8,8) m (z, i)(1ag; j) = (x, j) —w-— (x, 4), 


Hence i = j and ef = (e€¥a,aa)(f¥8,08) = (La, i) (lag, j) = (La, j) = (le, i) = e. It follows that 
(a,e) € £V. 

Suppose that (a,e) € LY, (a, f) € LY,e € Sa NU, f € Sg NU, then we have (e, f) € LY. 
Hence e = ef = efe = fee = fe = f. It follows that every £U-class of (S, U) contains a unique 








projection. We use a* to denote the unique projection of L,nU. It is easy to observe that 
aa* =a. 

Let a € Sy, b € Sg, cE Sy, e E Sa NU. Write 6 = aby, aves = (2,1), bpgs = 
(y, 3), epy, = (z, k), b*vg,s = (m,n) and ep4, = (15, t). Suppose that (a,b) € LY. Then ae = 
aif and only if be = b. Suppose that ace = ac, that is, aa*ce = aa*c. Using the fact that a* = b* 
, we deduce that ab*ce = ab*c. Hence (ava,s)(b* 98,5) (cPy,5)(€a,6) = (G¥a,5)(b* Y8,5)(CYy,5), 
that is, (z,i)(m,n)(z, kK)(15,t) = (x, i)(m,n)(z, k) and (xmz15,t) = (amz,k). Then we have 
mzls = mz by M, is a U-left cancellative monoid and t = k. Hence bce = bb*ce = 
(bvg,s) (b* 93,5) (Cw) (8,5) = (ymz1s, t) = (ymz, k) = (bog,s) (b 96,5) (epy) = bb*c = bc. 

Similarly, bce = bc implies that ace = ac. Thus, we have already proved that (ac, bc) € LY. 
This shows that £" is a right congruence on S. In fact we have proved that (S, U) is a left 
U-rpp semigroup. 
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On the Smarandache 5n-digital sequence 
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Abstract For any positive integer n, the Smarandache 5n-digital sequence is defined as 
{an} = {15, 210, 315, 420, 525, 630, 735, 840,945, 1050,---}. That is, for any element an in 
{an}, it can be partitioned into two groups such that the second is five times bigger than the 
first. The main purpose of this paper is using the elementary method to study the properties 
of the Smarandache 5n-digital sequence, and obtained some usefull conclusions. 

Keywords The Smarandache 5n-digital sequence, elementary method, conjecture infinite 


series, convergence. 


91. Introduction and results 


For any positive integer n, the Smarandache 5n-digital sequence is defined as {an} = 
(15, 210, 315, 420, 525, 630, 735, 840, 945, 1050, --- ). That is, for any element an in {an}, it can 
be partitioned into two parts such that the second is five times bigger than the first. This 
sequence was first proposed by professor F. Smarandache, he also asked us to study the proper- 
ties of 5n-digital sequence. About this problem, it seems that none had studied it yet, at least 
we have not seen any related papers before. Recently, Professor Zhang Wenpeng proposed the 
following: 

Conjecture. There does not exist any complete square number in the Smarandache 5n- 
digital sequence {an}. That is, the equation an = m? has no positive integer solution. 

Ithink that this conjecture is interesting, because if it is true, then we shall obtain a deeply 
properties of the Smarandache 5n-digital sequence. In this paper, we are using the elementary 
method to prove that the Zhang's conjecture is correct for some special positive integers. At 
the same time, we also study the convergent properties of one kind infinite series involving the 


Smarandache 5n-digital sequence, and give a sharper asymptotic formula for 5 Dom hat is, 
an 


we shall prove the following conclusions: iai 

Theorem 1. If positive integer n is a square-free number (That is, for any prime p, if 
p | n, then p? 4 n), then an is not a complete square number. 

Theorem 2. If positive integer n is a complete square number, then a,, is not a complete 
square number. 


1 
Theorem 3. Let z be a real number. If z > z then the infinite series 
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1 
is convergent; If z € =, then the infinite series (1) is divergent. 
Theorem 4. For any real number N > 1, we have the asymptotic formula 


n 9 InN 
— mL c 1). 
253 50 mi 9 


92. Proof of the theorems 


In this section, we shall use the elementary method to complete the proof of our theorems. 
First we prove Theorem 1. For any square-free number n, let 5n = bk(n)bk(n)—1 ` b2b1, where 
1 < den) < 9,0 < bi < 9, i = 1, 2, -++ , k(n) - 1. Then from the definition of an we know 
that a, = n-(10*™ +5). If n is a square-free number, and there exists a positive integer m 
such that 





an = n: (10%) + 5) = m?. (2) 


Then from (2) and the definition of square-free number we know that n | m. Let m = u:n, 
then (2) become 


10F 4.5 2 y? . m. (3) 


In formula (3), we know that: 
E is i 33] i k(n) TIETE > bh S = 
(a). If u = 1, then (3) is impossible. Since 10 +5 > 99 9 > bk(n)bk(n)—1 ` < 0201 


bn » n. 

(b). If u = 2, then (3) does not hold. In fact, if (2) holds, then 10*) +5 = 4. n, since 
10* C9 +5 is an odd number, but 4-n is an even number, this contradicts with 10°” +5 = 4. m. 

(c). If u = 3, then (3) is impossible. In this case, we have the congruence 10*? +5 = 6( 
mod 9), but u?- n = 3?. n =0( mod 9), so (3) is not possible. 

(d). If u = 4, then 10^? +5 is an odd number, but u? - n = 4?- n is an even number, so 
(3) does not hold. 

(e). If u = 5, then we have the congruence 100? +5 = 5( mod 25), but u?-n = 5?-n = 0( 
mod 25), so (3) is impossible. 

(f). If u = 6, then 10*? +5 is an odd number, and u? -n = 6? - n is an even number, so 
(3) is not correct. 

(g). If u = 7, then we have: 

(i) If 3n, then we have 100? +5 2 0( mod 3), but u? -n = 7?- n =0( mod 3) doesn't 
hold, so (3) is not correct. 

(ii) If 3|n, let's n = 3a, where a is an even integer. It’s clear that (3) doesn't hold, since 








10*(™) +5 is an odd number, while u? : n = 7? - n = 49 - n = 49 - 3a is an even number. 

(ii) If 3|n, let's n = 3a, where a is an odd integer. From the definition of square-free 
number, we know that 3?tn and (3,a) = 1, then (3) become u? -n = 7? -n = 7? 3a = 
10) +5 29. 111-..1-4-6, that is 7?-a—2=3-111---1. 

SS —— 
k(n) k(n) 
If a — 3b 4-1, then 72:a—2 5 72 (354-1) -2— 723b 47 4 3- 101-1, 
—— 
k(n) 
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= 2 — = 2. = = 2. = " 2 " and 
If a = 354-2, then 72-a—2= 72. (3b4-2) -2 = 72 3b-- 96 = 3: (726 - 32) £ 3- 111-1, 
k(n) 


so formula (3) is impossible. 


(h). If u > 8, then note that 5n = bk(n)bk(n)—1 ° b2b1 = 1002-1, we have the inequality 
u? -n 2 8 .n- 64n = 10- 6n + 4n > 10: 6n 4-5 » 10: 5n 4- 5 > 10*09 +5, 


so formula (3) does not hold. 


From above discussion, we know that there does not exist any positive integer u such that 
formula (3) hold. This proves Theorem 1. 


Now we prove Theorem 2. Let n = u? be a complete square number, if there exists a 


positive integer m such that 
n (1009 4.5) = u? . (10*09 +5) = m?, (4) 
then from (4) we deduce that u | m, let m = u - r, then formula (4) become 
10") 45 = p? (5) 
It is clear that (5) is not possible, since 10°”) +5 = 5. (2. 1000-1 +1) and 512 - 1002-1 +41, 


this contradicts with 10^ + 5 = r?. This proves Theorem 2. 


Now we prove Theorem 3. For any element an in {an}, let 5n = bk(n)bk(n)—1 °° + b2b1, where 
1 Xbj,,€9,0x b; < 9, i= 1, 2, ---, k(n) — 1. Then from the definition of the Smarandache 
5n-digital sequence we have: 





On — n- 10° L5. n — n- (108) +5). (6) 
On the other hand, note that for any positive integer n, if 


200 -- -00 € n < 199--- 99, 
—— —M—— 
u utl 


then 5n = by4iby---+ bob, where 1 < bu41 < 9, O < bi < 9, i= 1, 2, ---, u, so k(n) =u+1. 
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Therefore we have: 





coo 1 +00 1 
f(z) = ER az — 2. n? - (10&() +5) 


1 1 
2.72. (10 +5)" 25 i*- (102 4- 5)* 


1 1 
m» PES 2 p. 5p 


20<i<199 200<i<1999 





Too 


18-107? 
3 102: (k-2) . 192% 


ipe 
= 18. Yu (k-1) 1020-0) 


+00 10% 


18 - 2. 102: (&-1) . 192(k+1) 


+00 1 


= 18. 2. wey (7) 


IA 





IA 








1 
Now if z > =, then from (7) and the properties of the geometric progression we know that f(z) 


is convergent. If z < z then from (7) we also have: 





fe = D PL oss ) +5) 








n= "e 
= W045 z dx E ar 
17. TEE cn qi +57 
1 E i . 
20412199” Corre) 2004121999 © (10* + 5)* 
VS 18.1052 
= > 107 (k—1) . 1Q92(k+1) 





+00 


ie 
= 18. 2. 102% . 102(k-2) 


-Foo 
ï 
= 18-) pa (8) 
k=0 





= 


Then from the properties of the geometric progression and (8) we know that the series f(z) is 


1 
divergent if z € ~. This proves Theorem 3. 
Now we prove Theorem 4. For any positive integer N, there exist a positive integer M such 
that 
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Note that for any positive integer n, if 

















u ul 
then 5n = b,41b,-++b2b1, where 1 € 5,4 €9,0€ b; < 94/— 1, 2,---, u, so k(n) 2 ud 1. 
Therefore we have 
Y Lo- Laws 
E k(n 
nzN Qn «ca MSN +5 
1 1 1 
-ouist Eust È prt 
104-5 "n +5 Social” +5 
1 1 
4 2: 10M x5 * D 10M+1 +5 
20---00«n«19---99 20- -- 00<n<N 
——” —— 
M-—1 M M 
uod. 418. 2 Tg 148093 NER 
~ 1045 1074+5 1055 10M +5 10M! +5 
228 1015-5 105-5 1045-5, , 107 «5-5 
|. 50 10405 102 4- 5 103 4-5 10M +5 








[ee +1 4 
+ 5 
10M+145 75 
2 2 M 9 + ? + P + TC 
~ 50 104-5 10245 103+5 10M +5 
N-22" +1 4 
5 


tomi — 75 
M 














9 9 1 N-12" 41 4 
= .M i l 5 . 
50 10 25 10:05 ^ 10M4145 - 75 


1-1 





Considering M, by the inequality 


200---00 < N < 199- - - 99, 
—— s 
M M+1 


we have 
10% < 5N < 190 P0 — 5, 





Min10.<In5N < (M +1)m10+ M (1 : ) 








In(1— ieu 
In 5N n( ioi) 1 < M < ln 5N 
ln10 In 10 In 10 


5 1 
Note that as N — +00, In(1 = oma) = O (ar): then 








ln5N 1 1 In5N 
1n 10 7 f 
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Combining this we may immediately deduce the congruence 


9 InN 
y». B FO 
nen dn n 





This completes the proof of Theorem 4. 
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Abstract Suppose that S is a locally inverse semigroup with an inverse transversal S^. We 
can construct an amenable partial order on S by a McAlister cone of S°. Conversely, every 
amenable partial order on S can be constructed in this way. We show that the amenable 
partial order constructed by the set E (S?) of all idempotents of S? is the natural partial order 
on S. 


Keywords Locally inverse semigroup, amenable partial order, inverse transversal. 


91. Introduction and preliminary 


A semigroup S is said to be a partially ordered semigroup, or to be partially ordered, if it 
admits a compatible ordering <; That is, < is a partial order on S such that 


(Va, b E€ S, rc S) a < b — za < xb and az < bz. 


Let S be a regular semigroup with set E(S) of idempotent elements. As usual, < denotes 
the natural partial order on S. That is, for any a, b € S, 


axb ifandonlyif a=eb=bf forsome e, f € E(S). 


By Corollary II. 4.2 in [1], the natural partial order < on S is compatible with the multiplication 
if and only if S is a locally inverse semigroup. Thus, a locally inverse semigroup equipped with 
the natural partial order is a partially ordered semigroup. Particularly, an inverse semigroup is 
a partially ordered semigroup under the natural partial order. 

McAlister introduced and studied amenable partially ordered inverse semigroup in [3]. 

Definition 1.1.?! Let (S, ., <) bea partially ordered inverse semigroup. The partial order 
X is said to be a left(right) amenable partial order if it coincides with < on idempotents and 
for each a, b € S, a < b implies a~ta < b^ !b(aa-! < bb). If < is both a left amenable partial 
order and a right amenable partial order on S, then < is called an amenable partial order and 





S is called an amenable partially ordered inverse semigroup. 
Blyth and Almeida Santos generalized (left) amenable partial orders on inverse semigroup 
to regular semigroup with an inverse transversal in [4]. Let S be a regular semigroup, for any 
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a € S, V (a) denotes the all inverses of a. An inverse transversal of a regular semigroup S is an 
inverse subsemigroup S° with the property that |S° (| V(a)| = 1 for every a in S. The unique 
inverse of a in S°()V(a) is written as a° and (a?)? as a°°. The set of idempotents in S° is 
denoted by E(S°) . We recall the following definition. 

Definition 1.2. Let (S, ., <) be a partially ordered regular semigroup with an inverse 
transversal S°. If < coincides with < on idempotents and the partial order < has the following 
property 


(Va, be S) a < b = aa < b?b, 


then < is said to be a left amenable partial order on S. Dually, if a < b implies aa? < bb°, then 
< is called a right amenable partial order on S. If < is both a left amenable partial order and 
a right amenable partial order on S, then < is called an amenable partial order and S is called 
an amenable partially ordered regular semigroup with inverse transversal S°. 

Suppose that S is a locally inverse semigroup with an inverse transversal S°. Blyth and 
Almeida Santos gave a complete description of all amenable partial orders on S and showed 
the natural partial order on 5 is the smallest amenable partial order in [5]. They also proved 
that every amenable partial orders on S° extends to a unique amenable partial order on S. 
In this paper, we will give a new characterization of the amenable partial orders on S. We 
can construct an amenable partial order on S by a McAlister cone of S?. Conversely, every 
amenable partial order on S can be constructed in this way, which simplify Blyth and Almeida 
Santos’s work in [5]. It is easily seen that the set E(S?) of all idempotent elements of S? is the 
smallest McAlister cone of S°. We will show that the amenable partial order constructed by 
E(S°) is equal to the natural partial order on S and so the natural partial order on S is the 


smallest amenable partial order. 


92. Constructing amenable partial orders 


Suppose that (S, -) is a regular semigroup with an inverse transversal S°. For any a, b € S, 
Blyth and Almeida Santos say in [5] that S satisfies the following formulars 


(ab)? = (a?ab)a? = b° (ab?b)? = b? (a? abo?)?, (a?b)? = b?a??, (ab^)? = b° a’. (1) 
According to Blyth and Almeida Santos in [5], if S is locally inverse, then 
(Va, b, ce S) a?b? = a° b c. (2) 


Suppose that S is a regular semigroup with an inverse transversal S°. Blyth and Almeida 
Santos stated in [4] and [5] that the two subsets of E(S) 


A = {ax°a|a € S} and I = {xa°|x € S) 


are respectively right regular subband and left regular subband of E(S). Hence, we immediately 
have the following lemma. 

Lemma 2.1. Let S be a locally inverse semigroup with an inverse transversal S?. Then 
A is a right normal subband of E(S) and I is a left normal subband of E(S). 
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Let S be a locally inverse semigroup with an inverse transversal S°. The two subsets of S 


are 
L = {rx°x |x € S), R= {x°°x°a|z € S}, 


Blyth and Almeida Santos in [5] established the following fundamental statements: 

(a) L is a left normal orthodox subsemigroup of S and I = {xx°|a € S} is the set of all 
idempotents of L; 

(8) R is a right normal orthodox subsemigroup of S and A = {x°a|x € S) is the set of all 
idempotents of R; 

(y) LN R=S°, ANI = E(S?). 


Consider the following two sets 
A* = {x € S|(VL € A) lal = xl), I* = (x € S|(Yr € D) rar = rz}, 


Blyth and Almeida Santos proved that A* is a subsemigrup of S containing A and /* is a 
subsemigroup of S containing I (see Theorem 3 in [5]), and after that they introduced the 
concepts of R-cone and L-cone of S, which generalized the notion of McAlister cone in an 
inverse semigroup. If a full subsemigroup Q of A* with the properties that Q(]Q° = E(S°) 
and tQx° C Q for all x € R, then Q is called a R-cone of S. Dually, they considered the 
subsemigroup of /* and gave the notion of L-cone. They proved in [5] that an amenable partial 
order on S' can be constructed by a R-cone P and a L-cone Q, conversely, every amenable 
partial order on S can be obtained in this way (see Theorems 8 and 10 in [5]). If P is a R-cone 
and Q is a L-cone, they also proved that PAQ is a McAlister cone of S? (see Theorem 17 in 
[5]). We will recall the concept of McAlister cone of S? in the following. 

Suppose that S is a locally inverse semigroup with an inverse transversal S?. Consider the 
set 


E(S°)¢ = (x € S|(Ve e E(S°)) ex = ze}, 


which is the centralizer of E(S°) in S. Blyth and Almeida Santos showed that E(S?)G is a 
subsemigroup of S° (see Theorem 16 in [5]). Now, we have 

Definition 2.2.5! Suppose that S is a locally inverse semigroup with an inverse transversal 
S°. A subset Q of S? is said to be a McAlister cone of 5? if 


(i) Q is a subsemigroup of E(S?)C; 
(i) QQ = E(S°) (Q° = (a*| a € QJ; 
(üi) (Wee S) 2°Qr” C Q. 


If S is a locally inverse semigroup with an inverse transversal S°, then it is easy to see that 
E(S°) is a McAlister cone of S°. The following result will show that an amenable partial order 
on S also can be constructed by a McAlister cone of S°. 

Theorem 2.3. Suppose that S is a locally inverse semigroup with an inverse transversal 
S°. Let C be a McAlister cone of S°. Then the relation <c defined on S by 


x Lo y 4 rx? < yy’, Ox < yy, rey, yx EC (x) 
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is an amenable partial order on S. 

Proof. It is easily seen that <c is reflexive. If x <c y and y <c zx, then zz? = yy®, x°x = 
y^y, z?y^?, y?z?? € C. Thus y?z?? = (x°y°?)° € CAN C? = E(S?) since C is a McAlister 
cone. It follows from zz? = yy? and (1) that z??z? = (xx?)? = (yy?) = y??y? and so 
yo = yg 9 = Add , which gives y? < x°. Likewise, x° < y? and so x? = y?, furthermore, 
we have z?? = y°°. Hence, x = zx?-.a??.z?r = yy?: y°?- y?y = y, thus <c is anti-symmetric. 
If r Xe y he. y So z, then z^z < yy 3 z'z,xa? < yy’ 3 22° and ay’, y^z^? € C. We 
obtain from xx? < yy? that zz?^yy? = zz?. It follows from Definition 2.2 that z?y??y?2?? € C. 


We thus have 


0,,00,, 0,00 0,,00, 0,00 


Loy yz = wary yz 


= ga^(rr^yy^)z?? (by (2)) 


oo x? 


Consequently z?z?? € C, similarly, we have z € C and so z <c z. Thereby, <c is transitive 
and <c is a partial order on S. 


Suppose that x <c y. For any z € S, we have 


(zz)? (zy)? -—ax?(zzax?) (zy)? (by, (1)) 
z?(zyy?^xa?)? (zy)? 

= x? z??g?y?? (zy)? (zy)?? 

= x°y°°(zy)°(zy)°° 

€ CE(S°) 


eC (E(S°) C C) 


and 
(zy)°°(za)° = (zy)?z?(zzz?)? (by, (1)) 
= (zyy°y) zzz? yy’)? 
= (zyy OYoo qe x°(zyy® xc Pe 
= ( 
= ( 


oo zt 


o 


zy oo y?? x?(zyy?x??z?)? (by (2)) 


) 
y^) 
y^)^y^"a?a^?a^(zyy^)? (by (1) 
= (zyy^)^^y^?a*(zyy^)* 

€ C, (yx? € C) 
i.e., (zz)? (zy)??, (zy)? (zz)? € C. It follows by Theorem 8 in [5] that zz(zx)? < zy(zy)? and 
(zx)°zx < (zy)?zy. Thus we have zx <c zy, therefore <ç is compatible on the left. Dually, we 


zy o 


have that <ç is also compatible on the right and so (S, -, <c) is a partially ordered semigroup. 

In the following, we will show that the partial order <ç coincides with the natural partial 
order on E(S). Suppose that e, f € E(S) and e <o f. Then e?e < f?f, ee? < f f^. It follows 
from Theorem 2 in [5] that e < f. Conversely, if e < f, then e°e < f°f, ee° x ff? and 
eof € A, fe^ € I. Furthermore, we have (e? f)?? = f°°e° € E(S?) C C, likewise, e° f°° € C. 
Thus e <c f, and consequently <ç coincides with < on idempotents. This shows that <c is 


an amenable partial order on S. 
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Assume that S is a locally inverse semigroup with an inverse transversal S° and < is a 
partial order on S. We denote by <S" the restriction of < on S°. Then the following lemma is 
clear. 

Lemma 2.4. Suppose that S is a locally inverse semigroup with an inverse transversal 
S^. If < is an amenable partial order on S, then X?" is an amenable partial order on S°. 

Lemma 2.5. Suppose that S is a locally inverse semigroup with an inverse transversal 
S°. If the partial order < is an amenable partial order on S, then 

(Va, be S) a < b = a?? «9^ b°”, 

Proof. Suppose that a < b, then aa? < bb? and a?a < b°b, From (1) and (2) we have 
(aa?bb?)? = (aa?b??b?)? = bD??b?a??a? = (aa?)? = a??a?. This shows that a??a? < b°°D°. 
Likewise, a?a?? < b°b°°. Since € is an amenable partial order, a°°a° < b°°b° and a?a?? < b?t??, 
and consequently a°° = a??a?aa?a?? < b??b?bb?b?? = b??. It follows from a??, 6°° € S° that 
a°? «5" °°, as required. 

Proposition 2.6. Suppose that S is a locally inverse semigroup with an inverse transversal 
S°. If the partial order < is an amenable partial order on S, then there exists a McAlister cone 
C of S? such that <c=<. 

Proof. Assume that < is an amenable partial order on S, we denote by <S * the restriction 
of < on S°. It follows by Lemma 2.5 that <’ ° js an amenable partial order on S°. Let 

C —(z|z € 9°, 2a <™ x, za? «9" x), 


it easy to see that E(S?^) C C. By Lemma 2.1 (iii) in [3] and its dual, we have C is the subset 
of E(S?)C. Now let z, y € C. Then 


(xy) zy = — ya^my (x, y € 8°) 
= yyy rry 

= x tyy y (E(S?) isasemilattice) 

= xry 

xm cy. 
Likewise, ry(xy)° €?" xy and so zy € C. This shows that C is a subsemigroup of E(S°)¢. 

Suppose that x, x° € C. Then z?z <S? x, x??x? «5 x°. From x € S? we obtain z^? = q, 

thus zz? «S' x°, post-multiplying this by x, we have x X?' z?z whence x = a?x € E(S°), 
hence, C(|C? C E(S?). On the other hand, it is clear that E(S°) C C('|C?. Consequently 


E(S°) = CNO". 
For any x € S, a € C, we have 
(2° ax°°)° (z?az??) = x° a? x°? x° axe’? (by (1)) 


= xla axl? xe - x°? (a € C € E(S?)C) 


<S aaa, (a°a <* a) 
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Dually, we obtain (z?az??)(r?az??)? «9" z?az??. Thus z?az?? € C and so z?Cz?? C C. It 
follows from Definition 2.2 that C is a McAlister cone of S°. 
Consider the corresponding partial order <ç given by 


£ Lo yY 4 TT? < yy’, zg < y y, ry”, yx? EC. 


We can obtain from Theorem 2.3 that <c is an amenable partial order on S. 
In the following, we will show that <c=<. 
Suppose that x <c y. Then zz? < yy? and z?3?? € C, hence, 


g^? = (gg?) (by (1)) 
= (za?yy?)?? 
= (wa yy??? (by (2)) 
= a^ghyPty (by (1) 


00,,0,,00,,0,,00,,0 


= yy rry y 
= °° (a*y*9)* (2° 99 )y* 
«9 y^? (z?y??)y* 

= tay 

= 5° (429° a9 y?) 
— 

= 42°, 


O,4,00 0,,00 O,,00 


Since < is an amenable partial order, x = xa?a??z?^z < xry x °x € yy?y?y?^y = y. Thus 
SoG. 

Suppose that a, b € S and a € b. It follows from a < b that aa? < bb? and a?a < 6°), 
furthermore, b°b°°a® = a°. By Lemma 2.5, we have a°° «5' b°°, Hence, (a°b)°(a°b)°°? = 
b?a??g?b?? <S? pop?9g?p?? = a°b°? = (a°b)°°, i.e., (a?b)*(a?b)*? «5" (a°b)°°. Similarly, we 
have (a°b)°°(a°b)° «9^ (a°b)°°. Thus a°b°° = (a°b)°° € C. Dually, we can get b°°a° € C. It 
follows from definition of <ç that a <c b, which implies XC €oc and so <q=<. 

It is easy to see that E(S?) is the smallest McAlister cone of S°, by Proposition 2.6 and 
Theorem 11 in [5], we have the following result. 

Theorem 2.7. Suppose that S is a locally inverse semigroup with an inverse transversal 
S°. Then <p:ge) defined by (*) is the smallest amenable partial order on S and € g(s»j——. 
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Abstract In this paper, we use the Ceva’s Theorem and Menelaus’ Theorem to study Smaran- 
dache’s Cevians Theorem (II), and give the generalization of Smarandanche’s Cevians Theo- 


rem (II) in quadrilateral and pentagon. 


Keywords Ceva's Theorem, Menelaus! Theorem, quadrilateral, pentagon. 


91. Introduction and results 


Dr. M. Khoshnevisan presented the Smarandache's Cevians Theorem (II) in the geometry 
of triangle, which stated as follows: 
In a triangle AABC (see Fig. 1) we draw the Cevians AA1, BB1, CC that intersect in P. 


Then 
PA PB PC AB BC CA 


PA, PB: PG AB nO GA’ 





C; P By 





(Fig. 1) 


Where the lines and following are all directive. 

In this paper, we shall generalize this theorem for quadrilateral and pentagon. That is, we 
shall prove the following: 

Theorem 1. Taking a point of P optional in quadrilateral ABC D (see Fig. 2), draw the 
AP, BP,CP, DP that intersect the opposite sides with A1, B1, C1, Dı. Then 


PA PB PO | PD | AD DC CD . BC 
PA PB,” PO PD; AD ' INC OD’ BC 
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(Fig. 2) 


Theorem 2. The Smarandache’s Cevians Theorem (II) can’t be generalized to pentagon. 


§2. Some lemmas 


To complete the proof of the theorems, we need the following several lemmas. 
Lemma 1. (Ceva’s Theorem) In the triangle AABC (see Fig. 3), we draw the 
AA,, BB,,CC;, that intersect in P, then 


AC; BA, CB, 








=1. 
CB AC” BA 
A 
Ci P By 
B A C 
(Fig. 3) 


Proof. In the triangle AABA;, cut by transversal CPC, we apply the Menelaus! Theorem 


BC AP AC , 
CA PA’ QB ` 





In the triangle AAA,C, cut by transversal BPB,, we apply again the Menelaus’ Theorem 


CB AP AB, 


=i 
BA, PA" BC 





Divide the two above-mentioned formulas and we obtain 


AC, BA, CB, 


OR a0 eA 





Lemma 2. (The generalization of Ceva’s Theorem ) In any polygon A; A2--- An 
(see Fig. 4), if we have Ceva’s point on n — 1 edge, then we can determine one and only one 
Ceva’s point on the edge of n. Thus, 


AıPı - A3 P5 — An—1Pn-1 7 AnPa _ 
PjAg PAs PA, PAS 











ey 
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Ay 








(Fig. 4) 


Proof. In the triangle A.A; A2A3, we apply the Ceva's Theorem 


A, P, X A» P» " A3Q1 =i 
P Ag P2 A3 Q141 f 





In the triangle ^AA14A34A4, we apply the Ceva’s Theorem 


AiQi r As P3 - A4Q» = 
QiAs PA, Qo Ai f 





In the triangle AA, A, 1 A,, we apply again the Ceva's Theorem 


AiQn-3 An a Pa An Pn — 


zu 
Qn—-3An-1 n Pph—1An i P4A1 





Multiplying the above-mentioned formulas we have 


AiP, X A3P5 ITER An—1Pn-1 " AnPn _ 
PLA» P343 Padi PA, B 











(-1)*. 
Lemma 3. (Menelaus! Theorem) In the triangle AABC (see Fig. 5), if a straight line 
intersect with AB, BC,CA or their extension at F, D, E, then 


AF BD CE _ 
FB DC” EA 





A 


PAN y 





(Fig. 5) 
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: : . BD | FB CE PF 
Proof. Taking CP//DF, intersect AB at P, 46 = pp, Fa = ap then 


AF BD CE AF FB PF _ 
FB" DC” EA FB PF” AF 








Lemma 4. (The generalization of Menelaus! Theorem ) In a polygon A; A2- -- An, 
the linear L intersect with 4445, A243,--- , A4 A1 at P1, Po,--- , Py, then 


A,P, x A3 P, An Pa A&P, D 


m =1. 
P,A9 P343 Dtm Pn—1An n PA, 











Proof. Apply the mathematical induction. If n = 3, then it is the Menelaus’ Theorem. 
Suppose the theorem holds for n = k. That is, 
A,P, | AoP2 Ak iP& o. | ArPr 


x X anuX x ze 
PA? P243 Pri Ak P; Aı 











Then for n = k + 1, apply the Menelaus’ Theorem in the triangle AA, A;,Az41 we have 
A,P, Ay Pr Anyi Prot 














x x =k 
PAg  PkAk+ı Pepi Ai 
Multiplying the above formulas and we obtain 
AP | AoP2 Axa Py Ax Py Ak+1Pk+1 
x XX x x zu 
P,A> P243 Pigs PrAgyi Prot 4 


This shows that the theorem holds for n = k +1. Now the Lemma 4 follows from the 


induction. 


93. Proof of the theorems 


In this section, we prove Theorem 1 and Theorem 2. First we prove Theorem 1. Apply 
the Menelaus! Theorem in the triangle AAD Aj, we have 


DC AP AC, 

















=] 
CA, PA” GD 
In the triangle ABC Bı, 
CD BP BD, 
x x = 1: 
DB, PB D;C 
In the triangle ACDC), 
DA CP CA 
x x zu. 
AC, PC AD 
In the triangle ACDD,, 
QB DiP. DB 4 


BD, PD” BC 


Multiplying the above formulas we have 


PA „PE PC PD _ AD. DC CD | BC 
PA, PB, PC,” PD, AD DC” QD” BC 





This proves Theorem 1. 
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Now we prove Theorem 2. It is clear that in the pentagon (see Fig. 6) 





A B 
Dı 
C 
i E 
ESAE Í 
Bı 
Ai D 
(Fig. 6) 


the conclusions are not correct. Otherwise, we have 


PA PB PC PD PE AE ED DE ED CD 
x x x x = x x x x ; 
PA, PB, PQ, PD, PE, AE ED DE ED CD 





Connect AC, according to the conclusion in the quadrilateral, we have 


PA PO | PD PE | AE DE | ED cD 
PA PC, PD, PE, AE DE ED” OD 





Because zum is fixed, but as the movement of B, cm is changing, so the conclusion is not 


correct. So the Smarandache's Cevians Theorem (II) can't be generalized to pentagon. 
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Abstract The concept of translational hull of semigroups was first introduced by Petrich in 
[8]. The translational hull of an inverse semigroup was studied by Ault in [4]. Fountain and 
Lawson studied the translational hull of adequate semigroups. And later on, the translational 
hull of strongly right or left adequate semigroups were further investigated by Ren and Shum. 
In this paper, we concentrate on the translational hull of strongly right Ehresmann semigroups. 
It is proved that the translational hull of a strongly right Ehresmann semigroup is still of the 
same type. Our results extends the previous results of strongly right adequate semigroups. 
Keywords Translational hulls, strongly right U-ample semigroups, strongly right Ehresm- 


ann semigroups. 


91. Introduction 


Recall that a mapping A from a semigroup S into itself is called a left translation of S if 
A(ab) = (Aa)b for all a,b in S. Similarly, a mapping p from 5S into itself is a right translation 
of S if (ab)p = a(bp) for all a, b in S. A left translation A and a right translation p of S are said 
to be linked if a(Ab) = (ap)b for all a, b in S. In this case, we call the pair (A, p) a bitranslation 
of S. The set A(S) of all left translations and the set P(S) of all right translations of S form 
semigroups under the composition of mappings. The translational hull of S is the subsemigroup 
OQ (S) of ACS) x P(S) which consist of all bitranslations (A, p). The concept of translational hull 
of semigroups and rings was first introduced in 1970 by Petrich in [8]. The translational hull of 
an inverse semigroup was first studied by Ault in [4], and the translational hull of an adequate 
semigroup was further studied by Fountain and Lawson in [1]. And later on, Ren and Shum 
investigated in 2006 the translational hull of a strongly right or left adequate semigroup in [11]. 
'The translational hull of semigroup plays an important role in the theory of semigroups. 

Let E(S) be the set of all idempotents of a semigroup S and U C E(S) be a non-empty 
subset, namely, the set of projections of S. The generalized Green relation £U was first defined 
by Lawson in [9]. For any elements a,b in S, (a,b) € LY is defined if and only if a and b have 
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the same set of right identities in U, that is to say, U7 = Uy where 
U; -(uc€U | au=a}. 


It is easy to check that £ C £* C LU. 

We now call a semigroup S a U-rpp semigroup if every LU -class of S contains a projection 
of S and LY isa right congruence, denoted by (S,U). A U-rpp semigroup (S,U) is called a 
right Ehresmann semigroup if the projections of (S, U) commute. A U-rpp semigroup (S,U) is 
called strongly U-rpp semigroup if for any a € (S, U), there is a unique projection e € U such 
that a£Ue and a = ea. T hus, we naturally call a right Ehresmann semigroup (S, U) a strongly 
right Ehresmann semigroup if (S, U) is a strongly U-rpp semigroup. 

In this paper, we will show that the translational hull of an strongly right (left) Ehresmann 
semigroup is still of the same type. 

For any notation and terminologies not given in this paper, the reader is referred to [4], [5] 
and [6]. 


92. Preliminaries 


We first give some basic results and notation from [7]. 

Lemma 2.1. Let a,b be elements of a semigroup (S, U). Then the following statements 
on (S, U) are equivalent: 

(i) (a,b) € LY. 

(it) U; = Uy, where UP = {u € U | au=a}. 

Lemma 2.2. If a € (S,U) and e € U, then the following statements hold on (S, U): 

(i) (e,a) e £V. 

(ii) ae = a and for all f € U,af = a implies ef = e. 


Lemma 2.3. If (S,U) is a strongly right Ehresmann semigroup, then each £U.class of 
(S, U) contains a unique projection in U. 

Proof. Suppose that a € (S,U) and e € LY nU. Let f € LY nU, since (S,U) is a strongly 
right Ehresmann semigroup, we have e = ef = fe = f. This show that each £"-class of (S, U) 
contains a unique projection in U. 

Suppose that (S, U) is a strongly right Ehresmann semigroup and a € (S,U). Then, by 
Lemma 2.3, we denote the unique projection in -class containing a of (S,U) by a*. 

Now we have directly from definition the following lemma. 

Lemma 2.4. Let a,b be elements of a strongly right Ehresmann semigroup (S, U). Then 
the following conditions hold in (S, U) : 

(i) a£" b if and only if a* = b*. 

ii) (ab)* — (a*b)*. 
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Lemma 2.5. Let (S, U) bea strongly right Ehresmann semigroup, the following statements 
are equivalent: 

(i) (S, U) is strongly right U-ample. 

(it) ea = a(ea)*, for every a € (S, U) and every projection e c U. 

We call a U-rpp semigroup (S, U) a projection balanced semigroup if for any a € (S,U), 
there exist projections e and f in (S,U) such that a — ea — af. It is clear that from Lemma 
2.4, a strongly right Ehresmann semigroup is a projection balanced semigroup. 


Lemma 2.6. Suppose that (S, U) is a projection balanced semigroup (S, U). 

(i) If A and A' are two left translations of (S, U), then A = A' if and only if Ae = Xe for all 
ec U. 

(ii) If p and p’ are two right translations of (5, U), then p = p’ if and only if ep = ep’ for 
alle c U. 

Proof. We only need to prove (i) since the proof of (ii) can be obtained similarly. The 
necessity part of (i) is clear. For the sufficiency part of (i), let a be an element of (S, U) and 
e be a projection such that ea = a. Then 








Aa = Nea) = (Ae)a = (A'e)a = X (ea) = Xa. 


Hence A = A'. Thus the proof is completed. 

Lemma 2.7. Let (S,U) be a strongly right Ehresmann semigroup. If (A, p), (NA, p) € 
Q(S,U), then the following are equivalent: 

O vp) = Q^ p). 

(it) A-X. 

(iit) p= p. 

Proof. It is clear that (i) implies (ii) and (i) implies (iii). In fact, we only need to show 
that (iii) implies (i). Suppose that p = p'. Then by our hypothesis, for any e € U there exists 
a projection f such that 








re = f(àe) = (fp)e = (fp')e = fre). 
And there exists a projection f’ such that 
Ne = fi(re) = (f'p)e = (f'g)e = f'(Ae). 


Thus, we have that AeCA'e. Since (S,U) is a projection balanced semigroup, we can easily 
obtain that there exists g € U such that f(A'e) = (A’e)g. Hence, Ae = (Ae)g. Thus, Ae = 
(Me)g - g = (Ae): g. From £ C LY, it follows that Ae = (A'e) - g so that Ae = Me. By Lemma 
2.6, we obtain that = à’ and of course, (A, p) = (A, p^). 


93. Strongly right Ehresmann semigroups 


In this section, we assume always that (S, U) is a strongly right Ehresmann semigroup with 
the set of projections U. 
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Let (A, p) € Q(S,U) which is the translational hull of (S, U). First we define two mappings 
A*, p* from (S, U) into itself by the rule that for any a € (S,U), 


A*a — (Aa*)*a 
ap* — a(Aa*)*. 


Lemma 3.1. Let (S, U) be a strongly right Ehresmann semigroup with semilattice U of 
projections. Then for any e € U, 

(i) Ae = ep"; 

(it) A*e = (Ae)*; 

(iii) A*a£" Aa. 


Proof. (i) Since all projections commute, it follows immediately that for any e € U, 
A*e = (Ae)*e = e(Ae)* = ep*. 


(ii) By the definition of A*, we have that \*e = (Ae)*e. Since AeLY (Ae)* and LY is a right 
congruence on (S, U), it follows that Ae- e£" (Ae) *e, that is , Ae£U (Ae)*e. By Lemma 2.3, each 
LY -class contains a unique projection so that (Ae)* = (Ae)*e. Hence, A*e = (Ae)*e = (Ae)*. 

(iii) Clearly, Aa* £" (Aa*)*. Since LY is a right congruence, we immediately obtain that 


Aa = Aa*a£" (Aa*)*a = Na. 


Lemma 3.2. The pair (A*, p*) is a member of the translational hull O(S, U) of (S,U). 
Proof. First we show that A* is a left translation. Let a,b be elements of (S, U). Then 
by Lemma 3.1, 


A" (ab) = (A(ab)* ae ae : (ab) 
= A*(ab)* - a* - ab = a* - A*(ab)* - ab 
=a" - (ab)* p* - ab = (a* - (ab)*)p* - ab 

((ab)"a")p* - ab = (ab) (a p^) - ab 
= (a* p")(ab)" - (ab) = A*a” - ab 

= (Aa*)*a- b = (A*a)b. 
We next show that p* is a right translation. Noting that (ab)b* = ab, we have that 

(ab)*b* = (ab)* so that b*(ab)* = (ab)*. Then by Lemma 3.1 and Lemma 2.4, we have 


(ab)p* 


I 


ab(A(ab)*)* = ab(Ab* (ab)*)* 

(ab) ((Ab*)" (ab)*) = ab(ab)" (Ab^)* 
ab(Ab*)* — a(b(Ab*)*) 

= a(bp"). 


This shows that p* is a right translation. 


II 


II 


Finally, we prove that (A*, p*) is a linked pair. It is clear that 
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a(A*b) = a(A*b*)b = aa*(A*b*) -b 
aa" (b* p*)b = a(a*b*)p*) -b 
= a(b*a*)p* -b = a- b*(a*p*)b 
= a: (a* p*)b* - b = (aa*)p*b 
= (ap")b. 
This shows that the pair (A*, p*) is linked and so is in Q(S, U). 
Now we take the set V(S, U) as follows: 


V(S,U) = ((,p) € E(Q(S,U)) : NUUUp CU). 


Then, we have the following result. 
Lemma 3.3. The elements of V(S, U) are all idempotent. 
Proof. Let (A, p) € V(S,U) and e € U. Then 


re = A((Ae)e) = A(e(Ae)) = (Ae) (àe) = Ae. 


It follows by Lemma 2.6 that A? = A. Again by Lemma 2.7, we have that (A, p)? = (A?, p?) = 
(A, p). 

Lemma 3.4. The elements of V(S,U) commute with each other. 

Proof. Let (A, p), (A, p) € V(S,U). Then, by the definition of V(S,U), we have that 
AUUUp CU and XU UU C U. Thus, for any projection e € U, we have 


Are = AM (ee) = A((Ae)e) = A(e(A'e)) = (Ae) (Ne) = (A’e) (Ae) = N Ae. 


By Lemma 2.6, it is clear that AM = A'A. Similarly, we have that pp’ = p'p. Hence, (A, p)(X’, p) = 
(A^, p')(A, p), as required. 

Lemma 3.5. (A*, p*) is an elements in V(S, U). 

Proof. Suppose that e € U. By Lemma 3.1, it is obvious that A*e and ep* are all elements 
of U. Thus, (A*, p*) € w(S,U). 

It is natural to take U = W(S, U) as the set of projections of the translational hull Q(S, U). 
Thus, we will prove that (Q(S, U), U) is a strongly right Ehresmann semigroup with the set of 
projections U. 

'To do this, we need the following crucial Lemma. 


Lemma 3.6. Any element (A, p) of Q(S, U) is £U-related to (A*, p*). 
Proof. Firstly we show that (A, p)(A*, p*) = (A, p). Assume that e is any projection from 
U. Then, by Lemma 3.1, we have that 


AA*e = A(ep*) = A(e?p*) = A(e- (ep*)) = Ae(ep*) = Ae(Ae)* = Ae. 


Using Lemma 2.6, we obtain AA* = A. Thus, it follows by Lemma 2.7 that (A, p)(A*, p*) = (A, p). 
To prove that (A, p) £V (A*, p*), we still need show from Lemma 2.2 that for any (X, p") € 
U, (A, p) (A, p!) = (A, p) implies (A*, p*) (A^, p') = (A*, p*). Since (S, U) is a strongly right Ehres- 
mann semigroup and by Lemma 3.1, we have that Ae£ (Ae)* — A*e for any e € U. Suppose 
that (A, p) (X, p") = (A, p) for any (A^, p') € U. Then for any projection e € U, we have 
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(Ae) (Ne) = A(e(Ae)) = A((A'e)e) = AN (ee) = AN = Ae. 
This implies that A*eA'e = A*e. On the other hand, we have that 
A*eX'e = A*(e(Me)) = A*((AMe)e) = A*(Me) = A* Ne. 


Hence, A*A'e — A*e. It follows by Lemma 2.6 that A*A' — A*. Thus, we have proved that 
(A*, p*)(N , p") = (A5, p*). This completes the proof that (A, p) and (A*, p*) are L- related. 

Lemma 3.7. LY on Q(S,U) is a right congruence. 

Proof. It is clear that the relation L? on Q(S,U) is an equivalence. We next show that 
it is right compatible. Suppose that (A1, p1), (A2, P2), (As, p3) € Q(S, U) and (A1, p1)£ (As, pa). 
Then by Lemma 3.6, we have (A7, pf) £" (A5, p$). This leads to (Af, pf) £(A5, p3) on Q(S,U). 
Since £ is a right congruence on Q(S, U), it follows that (A1, p1) (Aa, p3) C(A5, p) (Aa; p3), that is, 
(Ms, pt ps) £U (A3As, p$ps). Hence for any e € U, by Lemma 3.1 (iii), we have that (A1A3)* e£" 
M Ase£ Až AseLU (A1A3)*e, that is, (A1A3)* e£" (A*A3)*e. Since (S, U) is a strongly right Ehres- 
mann semigroup, it follows from Lemma 2.3 and Lemma 3.1 that (4143)*e = (AjA3)*e. By 
Lemma 2.6, we have (4143)* = (AjA3)*. Notice that 


Ace" (A1A3)* Say OOM As. 


By Lemma 2.7 and the fact that (4;143)* = (A[A3)', we have (pip3)* = (pjp3)*. Dually, 
pipa" pipa. Hence, (Ar, p1) Da, ps) £" (AF, Pi) (As, pa). 

Similarly, we can easily obtain that (As, pz) (A, p3) £V (A5, p$) (As, pa). Thus we deduce that 
(A1, 91) Os, 03) LY (A2, pa) (Aa, p3) on Q(S, U) so that LU is indeed a right congruence. 


Summarizing above these observations, we can prove the following main theorem. 


Theorem 3.8. The translational hull of a strongly right Ehresmann semigroup is still a 
strongly right Ehresmann semigroup. 

Proof. By using the above Lemmas, we can easily verify that Q(S, U) is a right Ehresmann 
semigroup. To prove this theorem, we only need to prove that for any (A, p) € Q(S,U) there 
exist a unique projection (A*, p*) such that (A, p)L7(A*, p*) and (A*, p*)(A, p) = (A, p). Since 
(S, U) is a strongly right Ehresmann semigroup, we have 


A*Ae = (A(Ae)*)*(Ae) = (AA*e)* (Ae) = (Ae)*(Ae) = Ae, 


by Lemma 2.7 and so (A*, p*)(A, p) = (A, p). This shows that O(S, U) is a strongly right Ehres- 
mann semigroup. The proof is hence completed. 


94. Strongly right U-ample semigroups 


We say that a strongly right Ehresmann semigroup (S, U) in which ea = a(ea)* for every 
element a and every projection e of (S, U) is a strongly right U-ample semigroup. 

As a direct consequence of Theorem 3.8, we deduce the following theorem. 

Theorem 4.1. The translational hull of a strongly right U-ample semigroup is still a 
strongly right U-ample semigroup. 
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Proof. Let (S, U) be a strongly right U-ample semigroup. By Theorem 3.8, we know that 
Q(S,U) is strongly right Ehresmann. Also from the proof of this theorem we have 


U = W(S,U) = ((p) € E(Q(S,U))  AUUUpCU ). 


Now let (41,01) € U and let (4, p) € Q(S,U),e € U(S). By our definition, we only need to 
show that (Aq, 91)(A, p) = (A, p)((A1, 91) (A, p))* for every element (A, p) and every projection 
(Ai, m) € U. 

We now show that Aià = A(A1A)* and pip = p(pip)*. In fact, A14e = A1((Ae)*(Ae)) = 
(A1(Ae)*) Qe). 

Since (A1, 91) € U, A1(Ae)* is a projection in ($,U). For (S,U) is strongly right U-ample, 
we have 


dp Ae = (Ay (Ae)*)(Ae) = (Ae) ((A1 (Ae)*) (Ae))* = Ae(A136)*. 


And we also have 
Ae(AyAe)* = A(e(A1Ae)*) = A((A1Ae)*e) = A(((A1Ae)*e)e) = A((A1A)*e) = A(A1A)*e. 
Then we obtain that \;A = A(A1A)*. Hence, 


(An, 1) p) = Qs p) Ou pr); p))*- 


This shows that Q(S, U) is a strongly right U-ample semigroup so that we have proved the 
theorem. 
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Abstract In this note, we give the smallest non-associative ring, which is a Smarandache 
non-associative ring, and prove that this ring is also the SNA Moufang ring and the SNA Bol 
ring. 
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91. Introduction 


In this paper [1], Vasantha Kandasamy introduced the concept of Smarandache non- 
associative rings, which we shortly denote as SNA-rings. This concept derived from the general 
definition of a Smarandache Structure (i.e., a set A embedded with a weak structure W such 
that a proper subset B in A is embedded with a stronger structure S) and were firstly studied 
in the Smarandache algebraic literature. The only non-associative structure found in Smaran- 
dache algebraic notions are Smarandache groupiods and Smarandache loops introduced in [2] 
and [3], which are algebraic structures with only a single binary operation defined on them 
that is non-associative. But SNA-rings are non-associative structures on which are defined two 
binary operations one associative and other being non-associative and addition distributes over 
multiplication both from the right and left. By [1], it is well know that the loop ring is always 
a SNA-ring, and the groupiod ring is also a SAN-ring when it satisfies some conditions. Those 
results motivate us to find the smallest non-associative ring (By smallest we mean the number 
of elements in them that is order is the least that is we can not find any other non-associative 
ring of lesser order than that). In this note, we shall give some interesting results about the 
mentioned problems in [1]. 


92. Preliminaries 


Definition 2.1. A set S together with a (binary) operation is a groupoid. A groupoid 
(S, *) satisfying the associative law 





l'This work is supported by the N. S. F. (10271093, 60472068) and P. N. S. F. of China. 
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(r*y)*kz—mc*(y*z) (x,y,z €85) 


is a semigroup. 

Definition 2.2. A ring (R, +, *) is said to be a non-associative ring if (R, +) is an additive 
abelian group, (R, x) is a non-associative semigroup (that is the binary operation * on R is non- 
associative )such that the distributive laws 


(aty)*z=xuxzty*z, £x*(ļy+2z)=£r*y+7*z, 


for all x,y,z € R. 

Definition 2.3. Let (R,+,*) be a non-associative ring. R is said to be a SNA-ring if R 
contains a proper subset P is an associative ring under the operations of R. 

Definition 2.4. A non-associative ring (R,+,*) is said to be a Moufang ring if the 
Moufang identity 


is satisfied for all x,y,z € R. 
Definition 2.5. Let (R,-F,*) be a non-associative ring. R is said to be a Bol ring if R 
satisfies the Bol identity 


((m*y)*z)*y = xox ((y*z)*y), forallz,y,z € R. 


In view of these we have the following interesting results. 

Theorem 2.6. If R is a Moufang ring and R is also a SN A-ring then R is a SNA Moufang 
ring. 

Theorem 2.7. Let R be a non-associative ring, which is a Bol ring. If R is a SNA-ring, 
then R is à SNA Bol ring. 


93. Main results 


Theorem 3.1. A non-associative ring of order 2 is not exist. 
Proof. Suppose that R = {0,1} and (R,+,*) is a non-associative rings, in which (R, +) 
is an additive abelian group given by the following table: 


= of+ 


0 1 
1 1 
1 1 
Obviously, this form is single for an additive abelian group of order 2. Then by the law of 


addition distributive over multiplication both from the right and left we have : 


1x(1+1)=1x0 


}1*0=0, 
ite 0 





and 
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(1l+1)*1=0*«1 
1201-9, 
1*1c-1*x1-20 
and 
0x (14-1) 200 
120«0-0, 
O0*1+0*1=0 
and 


1*(1+0)=1+1 


)ods1-0or1. 
1*x1-21*x021xx1 


we immediately have (R,*) by the following table: 


*|O0 1 * 
0/0 0 
1/0 0 


0 
0/0 
1/0 


= coim 


It is easy to see that (R,*) is a semigroup satisfied the associative law. It is contradictive 
with R is a non-associative ring. Thus, we can not find a non-associative ring of order 2. This 
completes the proof of Theorem 3.1. 

Theorem 3.2. The smallest non-associative ring is of order 3 given by the following 
example. 

Example 1. (A,+,*) be a non-associative ring of 3 given by the following table: 





It easy to see that (A,+) is an additive group, in which 
(bx b)*a=0xa=04 dx (bea) =bea=a, 


and so (A,x) is a non-associative semigroup. From Definition 2.1 and Theorem 3.1 we have 
Theorem 3.2. 
Example 2. (B,+,*) be a non-associative ring given of 4 by the following table: 














+/0 abe *|0 a be 
0]0 a b c 0/000 0 
aja 0 aa a|0a 0 0 

b a O0 b b|0c 0 0 
cic 0 b 0 c/0 0 0 0 


Similarly, we can obtain that (B,+,*) is a non-associative ring since 
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(bx a)*a=cxa=0F bx (axa) =bea=Cc, 


Hence, (B, *) is a non-associative semigroup. 

It is very natural to consider whether the smallest non-associative ring is a SNA-ring. we 
find a proper subset C = {0,a} of (A,+,*) in Example 1, which is a associative ring given by 
the following table: 


+/0 a *10 a 
0/0 a 0/0 0 
ala 0 a|0 0 


Thus, it follows from Definition 2.2 that (A, +, *) is a SNA-ring, furthermore, we have the 
following theorem. 

Theorem 3.3. The smallest non-associative ring is a SNA-ring. 

Corollary 3.4. The least order of SNA-ring is 3. 

Theorem 3.5. (A,+,*) in Example 1 is the smallest SNA Moufang ring. 

Proof. It is easily seen that (A, «) satisfies the Bol identity 


((x*y)*z)*y-—cs*((yx*z)*y), forall z,y,z€ R. 


From Theorem 2.6 and Theorem 3.3 we have (A,+,*) is the smallest SNA Moufang ring. 
Similarly, we can obtain the following result. 
Theorem 3.6. (A,+,*) in Example 1 is the smallest SNA Bol ring. 


The authors wish to express their most sincere appreciation to the referee for his very 
helpful and detailed comments. 
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Abstract For any positive integer n, the Pseudo-Smarandache dual function Z.(n) denotes 
the maximum positive integer m such that cae) divide n. Let n = p?! p? --- pp” denotes 
the factorization of n into prime powers, the Smarandach LCM dual function SL(n) is defined 
as SL(n) = min(pt^ ,p2?,:-- ,pz^). The main purpose of this paper is using the elementary 
and analytic methods to study the solvability of the equation Z.(n) = SL(n), and give its all 
positive integer solutions. 

Keywords Pseudo-Smarandache dual function, Smarandach dual function, equation, posit- 


ive integer solution. 


91. Introduction and results 


For any positive integer n, the Pseudo-Smarandache dual function, denoted by Z,.(n), is 


defined as the maximum positive integer m such that mon) divide n. That is, 


This function was introduced by J.Sandor in [1], where he studied the elementary properties 
of Z, (n), and obtained a series of interesting results. They are stated as follows: 
Lemma 1. Let q be a prime such that p — 2q — 1 is a prime too. Then 


Z.(pq) = p. 


Lemma 2. Z (ECH) = k, for any integer k > 1. 
Lemma 3. For any integer a,b > 1, Z.(ab) > max{Z,(a), Z.(b)]. 


Lemma 4. Let p be a prime, then for any integer k > 1, 





2, if p=3; 
Z,(p") = 
1, if pz3. 
Lemma 5. Any solution of the equation Z(n) = Z,(n) is of the form n = REED. where 


k > 1 is an integer. 
In reference [2], A.A.K. Majumdar studied the explicit expressions of Z,(2p"), Z,(3p*), 
Z,(4p*) and Z, (bp), where p is an odd prime. 
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On the other hand, for any positive integer n, the Smarandache LCM dual function 
SL(n) is defined as follows, SL(1) = 1, and if n > 1, SL(n) = min{pf",p5?,--- ,pe*}, if 


€ Ot Ak 
n= Di Po ia "Pk 
had studied the solvability of the equation XC SL(n) = n, and founded all its positive integer 
d|n 


is the prime power factorization of n. About this function, some authors 


solutions (See reference [3]). 
In this paper, we use the elementary methods to study the solvability of the equation 


Z,(n) = SL(n), (1) 


and give its all positive integer solutions. That is, we shall prove the following: 

Theorem. The solutions of the equation (1) can be expressed as: 

1. Let n be an even integer, then n = 2*p^t, where p (p > 3 and (p,t) = 1) is a prime, s,t 
and k are positive integers satisfying the following conditions: 

(a). If pë > 2°, then p*t = 2° + 1, where a is a positive integer and 1 < a < k. 

(b). If pë < 25, then p* = 20*1t — 1, where Ó is a positive integer and 1 € 8 € s — 1. 

2. Let n be an odd integer, then n = 1 or n = p?t, where a and t are positive integers and 
(p* + 1) | 2t, p% = 2u — 1, where u is a positive integer and u | t, let t=a-b-c,a4#2b—1 or 
a « p^. 


93. Proof of the theorem 


In this section, we shall prove our theorems directly. 

a. For any even integer n, we discuss the solutions in following several cases: 

(i) Let n = 2%, where s is a positive integer, then from the definition of SL(n), we have 
SL(n) = 2*. According to Lemma 4, we have Z,(2°) = 1. It means that the equation (1) has 
no positive solution when n = 2°. 

(ii) Let n = 2*p", where p is an odd prime, s and k are positive integer. 

(A) If 2° > p*, then SL(n) = p*. Suppose p^ is a divisor of p*, where 1 < b < k, we discuss 
p as follows: 

If p? = 2**1 +1, where 1 <a < s — 1, then Z,(n) = 2*1 z pë = SL(n). 

If p» = 2¢+1 — 1, where 1 < a < s — 1, then Z,(n) = 2°41 — 1 =p. Let b = k, then 
Z,(n) = SL(n). Otherwise Z,(n) = 1 # SL(n). 

(B) If 2° < p*, then SL(n) = 2°. We discuss p^ as follows: 

If p> = 2¢+1 + 1, where 1 < a < s, then Z,(n) = p^ — 1 = 2**. Let a -- 1 = s, then 
Z,(n) = 2° = SL(n). 

If p? = 2+! — 1, where 1 < a < s, then Z,(n) = p? = 2**t1 — 1 4 SL(n) = 25. Otherwise 
Zula) es SL(n). 

(iii) Let n = 2°p*t, where p is an odd prime, s, t and k are positive integer. 

(A) If 2° > p*, where 1 € b < k, then SL(n) = p^. We discuss p^ as follows: 

If p? = 2°+1441, where 1 «a < s — 1, then Z,(n) = p? — 1 = 2**1t 4 p* = SL(n). 

If p? = 2^*1t — 1, where 1 < a € s — 1, then Z,(n) = 2^*1t — 1 = p? = SL(n) while b = k. 

If p^t = 2°+1 41, where 1 € a € s, then Z,(n) = pt — 1 = 2**! 4 pk = SL(n) for any 
positive integer b and t. 
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If p^t = 2°+1 — 1, where 1 € a < s, then Z,(n) = 29t! — 1 = p^t = SL(n), while b = k and 
t — 1. Otherwise Z,(n) = 1 z SL(n). 

(B) If 2° < p*, then SL(n) = 2°. We discuss p^ as follows: 

If p? = 2**1t + 1, where 1 < a < s, then Z,(n) = p^ — 1 = 2?*1t = 2° = SL(n), while 
a+1=sandt=1. 

If p? = 2**11 — 1, where 1 < a < s, then Z,(n) = 2^*1t — 1 = p? z SL(n). 

If p^t = 2**! .- 1, where 1 < a € s, then Z,(n) = pt — 1 = 29+! = 2* = SL(n) while 
a+l=s. 

If p^t = 2°+1 — 1, where 1 < a € s, then Z,(n) = p"t 4 2° = SL(n) for any positive integer 
b and t. Otherwise Z,(n) = 1 SL(n). 

(b). For any odd integer n, let n = p?t, p% < t, (p*, t) = 1 where p is an odd prime, a 
and t are positive integer. Let SL(n) — p^. n is a solution of the equation (1) if and only if 
Z.(n) = p?. 

From the definition of Z.(n), we have Bert) | p*t, that is (p? + 1) | 2t. 

(i) If p% = 2u — 1, where u is a positive integer and u | t, then (p* + 1) | 2t. 

Let t — a- b.c, if a= 2b — 1 and a> p%, then Z,(n) =a z SL(n). 

If a Z 2b— 10r a « p^, then SL(n) = p* = Z,(n). 

(ii) If p% A 2u — 1, then Z.(n) Z p^, therefore there is no solutions in this case. 

'This complete the proof of our theorem. 
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Abstract For any positive integer n, the Smarandache Superior Prime Part P,(n) is the 
smallest prime number greater than or equal to n. For any positive integer n > 2, the 
Smarandache Inferior Prime Part p,(n) is the largest prime number less than or equal to 


n. The main purpose of this paper is using the elementary and analytic methods to study 
Kn(n) 
, La (n) , 





the asymptotic properties of (S; (n) — In(n)) (Kn(n) — In(n)), and give several in- 


teresting asymptotic formula for them, where S;,(n) = DD P(n), In(n) = LS pn) and 
i=1 


i=1 
1 


n 


Kain) = (È mm) s = (È mt) 


Keywords Smarandache superior prime part sequence, Smarandache inferior prime part 


sequence, mean value, asymptotic formula. 


91. Introduction and results 


For any positive integer n > 1, the Smarandache Superior Prime Part P,(n) is the small- 
For example, the first few values of P,(n) are P,(1) = 2, P,(2) = 2, (3) = 3,P,(4) = 
5, P,(5) = 5, P,(6) = 7, Pp(7) = 7, P,(8) = 11, P,(9) = 11, P,(10) = 11, P (11) = 11, P,(12) = 
13, P(13) = 13, Pp(14) = 17, P,(15) =17,---. 

For any positive integer n > 2, the Smarandache Inferior Prime Part p,(n) is the largest 


est prime number greater than or equal to n, that P,(n) = min{n|n > p,p is a prime}. 


prime number less than or equal to n, that p,(n) = max{n|n € p,p is a prime}. For example, 
the first few values of p,(n) are p,(2) = 2, pp(3) = 3, pp(4) = 3, pp(5) = 5, pp(6) = 5, p, (T) = 
7, Dp(8) = 7, pp(9) = 7, p, (10) = 7, Pp(11) = 11, pp(12) = 11, pp(13) = 13, pp(14) = 13, pp(15) = 
15:5. 

By the definition of these two series known for any prime q, we have P,(q) = pp(q) = q. 
On the sequence {P,(q)} and {p,(q)} of the nature of the study is very significant, because the 
Smarandache prime series and prime number distribution issues are closely linked. 


Now we define 


Sala) = [P,() + Pp) + P,(3) +--+ P) /n Y P0), 
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I(n) = [py(1) + Pp(2) + po(3) + + po] /n = — 3 sn), 





K,(n) = &/ Pp) + Pp(2) + P(3) +--+ + P(n) = (Erw). 


i=l 


1 


n 





L,(n) = «/pp(1) + pp(2) + pp(3) +--+ + pp(n) = (Sro) 


In the book “Only problems, Not solutions” (See reference [1], Problems 39), Professor 
F. Smarandache ask us to study the properties of the sequences {P,(n)} and {pp(n)}. About 
these problems, Scholar Yan Xiaoxia had studied it before and obtained interesting results (see 


reference [5]): 
Sn(n) =1+0 (n3) , and lim Salm) 
In this paper, we use the elementary and analytic methods to study the asymptotic prop- 


Kn : 
erties of (S, (n) — Is (n)), an (Kn(n)— Ln(n)), and give a shaper asymptotic formula for 
n(n 


it. That is, we shall prove the following conclusion: 
Theorem 1. For ally positive integer n > 1, we have the asymptotic formula 








Sa(n) - 1,(n) = 0 (nÈ) ti. 2809709 — D, tim (8,8) — mfa)? = 1, 


5 
n— o0 nis 


where D is computable constant. 
Theorem 2. For ally positive integer n > 1, we have the asymptotic formula 








ss n3 im Ks(n) = im n)— n)) — 


92. Some lemmas 


In order to complete the proof of the theorem, we need the following several lemmas. 
First we have 
Lemma 1. For any real number x > 1, we have the asymptotic formula 


5 (Pn+1 — pa)? « piste, 
Pn41 <T 


where p,, denotes the n-th prime, € denotes any fixed positive number. 
Proof. This is a famous result due to D. R. Heath Brown [3] and [4]. 
Lemma 2. Let x be a positive real number which is large enough, then there must exist 


. 2 
a prime P between x and x + 23. 
Proof. For any real number «x which is large enough, let P, denotes the largest prime with 


P, € x. Then from Lemma 1, we may immediately deduce that 


(Prat ES R^ « git, 
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or 
2 
Poyi — Pn X x5. 


So there must exist a prime P between x and x + z3. 
This proves Lemma 2. 


Lemma 3. For any real number xz > 1, we have the asymptotic formulas 


Y Py) = Z +0(x8), 


nsa 


S p(n) = Z eo(st). 


nír 


and 


Proof. We only prove first asymptotic formula, similarly we can deduce the second one. 
Let P; denotes the k-th prime. Then from the definition of P (n), we know that for any 
fixed prime P,, there exist P,+1 — P, positive integer n such that P,(n) = P,. 


So we have 


5 P,(n) 


5 (P441 — P4): Ph 


nzc Parise 
1 1 
m 2 5 (Pai Pa) — 5 5 (Pata — Pa) 
Pr41S% Pn4i<a 
1 1 
= xP (a) -2-5 XO (Bua hy (1) 
Pr4iSu 


where P(x) denotes the largest prime such that P(x) < x. 


From Lemma 2, we know that 





P(z) 2x23 4 O(1). (2) 
Now from (1), (2) and Lemma 1, we may immediately deduce that 
1 5 
5 Pim) = 5. +23 4+23+0 (1) +0 (zs) 
ncc 
x lg +O («*) 
7 . 


'This proves the first asymptotic formula of Lemma 3. 
'The second asymptotic formula follows from Lemma 1, Lemma 2 and the identity 


MN pp(n) 5 (Pa+1 — Pn) Pn 


n<r Pa+ı < 


Pr4ic@ 
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§3. Proofs of the theorem 


In this section, we shall complete the proof of Theorem 1 and Theorem 2. 
Proof of Theorem 1. In fact, for any positive integer n > 1, from Lemma 3 and the 


definition of S,,(n) and I (n), let n = x, we have 


$9 = = (D> Pol) 


nír 


1 5 4 2 
(Ge +23+23+0(1)+O (<#*)) 


Nl Sle 


n+n +n? +0 (ni), 


no) = L[Yl»s0 


1 5 4 23 
(z^ +23 2:3 +0(1)+0 (<#+) 


1 
n 
1 2 i NS 
jn tn + n3 +0 (nè ) ; 
S,(n) — n(n) = O (n) . 
We may immediately deduce that 
.. Sn(n) — In(n) 
lim ———,——— = 
noco nis noo 
where D is computable constant. 
'This completes the proof of Theorem 1. 
Proof of Theorem 2. For any positive integer n > 1, from Lemma 3 and the definition 


of K,,(n) and L4(n) we have 














K,(n) = x P1) + P2) + P(3) +--+ Py) = (G2? +0(##))", (3) 
L,(n) = §/pp(1) + Pp(2) + pp(3) +--+ + Pp(n) = (z^ +0 (<4)) : (4) 


Combining (3) and (4), we have 





»" ix? +0 ri i dob x 
eo o - (10 (z 3) =14+0(« 5). 


Kn 
Therefore lim a 
n—00 Lnn 
In addition, now note that lim K,,(n)=1, lim L,(n) = 1, we have 


rR, 








=1. 


lim (K&4(n) — Ly(n)) = 0. 


noo 


'This completes the proof of Theorem 2. 
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Abstract Ito [18] provide representations of strongly connected automata by group-matrix 
type automata. This shows the close connection between strongly connected automata and 
its automorphism groups. In this paper we study cyclic commutative asynchronous automata. 
Some properties on endomorphism monoids of cyclic commutative asynchronous automata are 
given. Also, the representations of this kind of automata are provided by S-automata. 

Keywords Endomorphism monoid, commute asynchronous automata, representation, semi- 


lattice-type automata. 


§1. Introduction and preliminaries 


Automata considered in this paper will be always automata without outputs. That is to 
say, an automaton A = (A, X, ô) consists of the following data: 

(1) A is a finite nonempty set, called a state set; 

(2) X is a finite nonempty set, called an alphabet; 

(3) 6 is a function, called a state transition function from A x X into A. 

Let X* denote the free monoid generated by X. An element of X* is called a word over X 
and e is called the empty word. The state transition function can be extended to the function 
from A x X* to A by 

(1) 6(a,¢) = a for any a € A; 

(2) ó(a, xu) = ô(ô(a, £x), u) for any a € A,x € X and u E€ X*. 

Let A = (A, X, ô) and B = (B, X,y) be automata and let p be a mapping from A into 
B. If p(d(a,x)) = y(pla), x) holds for any a € A and x € X, then p is called a homomorphism 
from A into B. If a homomorphism p is bijective, then p is called an isomorphism. If there 
exists an isomorphism from A onto B, then Aand B are said to be isomorphic to each other 
and denoted by A & B. Moreover, a homomorphism (an isomorphism) from A onto A is 
called an endomorphism ( an automorphism) of A. It is clear that E(A)(G(A)) of all endo- 
morphisms (automorphisms) of A forms a monoid (group) on the usually composition, called 
the endomorphism monoid (automorphism group) of A. 

The study of endomorphism monoids and automorphism groups of automata was started 
by [7] and [23] and followed by [8], [24], [1], [22], [4], [3], [2], [21] and [20]. 


1This work is supported by the Science Foundation of Northwest University (NC0925). 
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An automaton A = (A, X,6) is a strongly connected automaton if for any pair of states 
a,b € A there exist an element u € X* such that ó(a,u) = b. Fleck [7] proved that if A = 
(A, X, 0) is a strongly connected automaton, then E(A) = G(A) and | G(A) | divides | A | 
(for more results on automorphism group of strongly connected automata refer to [7] and [8]). 
Following Fleck’s work, Ito [15] introduced and studied so called group-matrix type automata of 
order n on a group G. It is showed that for a strongly connected automata A = (A, X, ô), there 
exists a group-matrix type automaton A’ = (G(A)n, X, dw) of order n on automorphism group 
G(A) such that A’ = A (refer to [15-18] or [19], for more details). This give representation of 
strongly connected automata by group-matrix type automata. 


As a counterpart, we want to study the automata whose endomorphism monoid are semilat- 
tices and to give representation of this kind of automata by so-called semilattice type automata. 


We focus on cyclic commutative asynchronous automata and their endomorphism monoids. 


An automaton A = (A,X,6) is said to be commutative if d(a,uv) = d(a,vu) for any 
a € A and any u,v € X*. An automaton A = (A,X,6) is an asynchronous automaton if 
d(a, xx) = ó(a,x) for any a € A and any x € X*. A commutative asynchronous automaton 
means a commutative and asynchronous automaton. For more information on commutative 
automata and asynchronous automata, refer to [12-15]. 


Let A = (A, X,6) be an automaton. A state g in A is called a generator of A (see, [20]) 
if for any a € A, there exists x € X* such that ó(g, x) = a. The set of all generators of A is 
denoted by Gen(A). An automaton is said to be cyclic if Gen(A) 4 (. A cyclic commutative 
asynchronous automaton means a cyclic and commutative asynchronous automaton. The class 
of all cyclic commutative asynchronous automata is denoted by CCAA. 


In Section 2 we study the generator of automata in CC.A.A. We conclude that an automaton 
in CCAA has unique generator. In Section 3 we study endomorphism monoids of automata in 
CCAA. In Section 4 we give a representation of an automata in CCAA by S-automata. 


For undefined notions and notations concerning automata we refer to [9] and [19]. 


§2. Generator of automata in CCAA 


Recall the following notations. For w € X*, write | w | for the length of w and Con(w) for 
the content of w. Also, | w |, denote the number of occurrences of x in w (refer to [9]). In this 


section we will study commutative asynchronous automata. 


Lemma 2.1. Let A = (A, X,6) be a commutative asynchronous automaton and let a, b 
be a pair of states in A. If there exist a word w € X* such that (a, w) = b, then ó(a, x) = b 
for any x € Con(w) and so 6(b, w) = b. 


Proof. Let A = (A, X,6) be a commutative asynchronous automaton and let a,b be a 
pair of states in A. Suppose that there exists a word w € X* such that ó(a,w) = b. Without 
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lose of generality, assume that w = 12223. Then we have 


a, w) = 0(a, x1za3) 


( 
à, 211312) (since A is commutative) 
) 


ó( 
ó(a, 
ó(o( 
= ó(0(a, 2123), 12) (since A is asynchronous) 
ó(o( 
ó( 


This implies that 6(b, x4) = b. Similarly, we can show that 6(b,x,) = ó(b, v3) = b. That is to 
say, ó(a, x) = b for any xz € Con(w). Hence, it immediately follows that ó(b, w) = b. 

Lemma 2.2. Let A = (A, X,6) be a commutative asynchronous automaton and let a, b 
be a pair of states in A. If ó(a, u) = b and ô(b, v) = a for some u,v € X*, then a = b. 

Proof. Let A = (A, X,6) be a commutative asynchronous automaton and let a, b be a 
pair of states in A. Suppose that d(a,u) = b and ó(b,v) = a for some u,v € X*. Then it 
immediately follows from Lemma 1 that ó(a, v) = a. Hence, we have 


a = ó(b,v) = 6(d(a, u), v) = ó(a, uv) = O(a, vu) = ó(ó(a, v), u) = O(a, u) = b. 


This shows that a = b. 

The above Lemma 2 shows that a commutative asynchronous automaton (A, X,ó) must 
not be a strongly connected automaton, except for |A| = 1. 

For an automaton A = (A, X,0) in CCAA, It is true that A have unique generator. In 
fact, if g, h be generators of A, then there exist u, u € X* such that ó(g, u) = h and (h, v) = g. 
'Thus it follows from Lemma 2 that g — h. We have shown 

Proposition 2.3. Let A = (A, X,ô) be an automaton in CCAA. Then A have unique 


generator. 


$3. The endomorphism monoids of automata in CCAA 


The following give some properties of an endomorphism of automaton A in CC AA. 

Given A € CCAA. In order to give the characterizations of the endomorphism monoid of 
automaton A, the characteristic monoid C(A) of automaton A is needed (see, [6]). Let z denote 
the set (y € X*|(Va € A)ó(a, x) = d(a,y)} for any z € X* and C(A) the set (z | v € X*}. 
Then C(A) is a monoid under the operation defined by zy = ZY. It is called the characteristic 
monoid C(A) of automaton A. 

Lemma 3.1.9! If A = (A, X, ô) € CCAA, then 

(i) E(A) = C(A); 

(ii) | E(A) [=| A. 

Let A = (A, X,6) be a commutative asynchronous automaton. For any u € X*, define 
mapping A, from A into A as follows: 


a if u = e, 


Au(a) = : 
d(a,z) if we A*(— A* \ {e}. 
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By A(X*), we denote the set (A, | u € X*}. 

Proposition 3.2. If A = (A, X,0) € CCAA, then 

(1) ACX*) is à commutative idempotent monoid under the usual composition; 

(ii) E(A) = A(x); 

(iii) (E(A), <) is a complete lattice, where < is the natural partial order on the endomor- 
phism monoid F(A). 

Proof. To prove part (i), notice that for any Ay, A, € A(.X*) and any a € A, we have 


Au © Ala) = ó(a,vu) = ó(a,uv) = Ay o Au (A) = Aus. 


Also, it is easy to verify that A,(A,À,) = (AuAv)Aw and AyAz = A, hold for any u,v,w € X*. 
Then A(.X*) form a monoid under the usual composition and Ae is the identity. Now, we prove 
that Au” = àu. Since A is an asynchronous automaton, ,,7(a) = ó(a,uu) = ó(a,u) = Ax(a) 
hold for any a € A. Then A(X*) is a commutative idempotent monoid. 

To prove part (ii), notice that it is a rutin matter to verify that C(A) = A(X*). From 
Lemma 3 (i) it follows E(A) S A(X*). Now, it is enough to show that A(X*) C E(A). For 
any Àu € A(X*), x € X and any a € A, we have 


Au(0(a, z)) = ó(0(a, x), u) = ó(a, xu) = ó(a, ux) = o(0(a, u), x) = ó(A,(a)). 


that is to say, Au € E(A) and hence A(X*) C E(A). Therefore, P(A) = A(X*). 

To show part (iii), we know form part (i) and (ii) that E(A) is a commutative monoid 
of idempotents. Then (E(A), <) is a meet semilattice, where < is the natural partial order 
defined in [10], as follows: 





(Vp, o € E(A))p X o = poa =o0p=p. 





Then, we prove that (F(A), X) is a lattice. Since the identity mapping às € E(A) and 
Àe °p = p° àe = p , then p < Ae for any p € E(A). Therefore, Ac be the top element [5] in the 
meet semilattice (H(A), X). Also, we have following truthes: For any p,c € E(A) the greatest 
lower bond of p and ø is poo; E(A) is finite. By Theorem 2.16 in [5], (E(A), <) is a complete 


lattice. 


94. S-automata 


In order to provide a representation of automata in CCAA, we introduce S-automaton. 

Definition 4.1. Let (S, €) be a finite meet semilattice. An automaton S = (S, X, õp) is 
called a S-automaton, if the following conditions are satisfied 

(1) S is the set of states; 

(2) X is a set of inputs; 

(3) ĝ is a state transition function which is defined by ó5(s,x) = s A y(x), where s € S, 
x € X and ọ is a mapping from X into S. 

Since X* is the free semigroup on X, the mapping o in the above definition can be extend 
to a homomorphism from semigroup X into semigroup (S, ^) as follows: 


(Va € X, Vu € X*)o(zu) = y(x) ^ (u). 
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It is easy to verify that a S-automaton is a commutative asynchronous automaton. 
Let A = (A, X, ô) be an automaton in CCAA and g be the unique generator of A. From 
Proposition 2 (ii), A(X*) = E(A). Define a mapping y from X* into A(X*): 


(Vu € X*)p(u) = X. 


We can easily verify that y is a homomorphism from the free monoid X* into E(A). Further- 
more, let S = E(A). By Definition 1, (E(A), X, ô) is a S-automaton. 
Define a mapping 0 form A onto E(A): 


(Va € A)0(a) = àu, where ô(g, u) = a. 


From Lemma 1, we know that for any a € A there exists only one word u € X* such that 
ó(g, u) =a. So, 0 is well defined. Also, it is easy to verify that 0 is bijective. 

Now, we will prove that 0 is a homomorphism from A into ((E(A), X, ô) for any ac A 
and any x € X, i.e., 0(ó(a,x)) = ôp(0(a), x). Suppose now a € A and d(g,u) = a for some 
u € X*. On one hand, for any b € A we have 


(6(8(a, x)))(b) = (O(g, u), )))(b) = (A(5(g, ux)))(b) = Aux(0); 


On the other hand, 


(dp (0(a), x)) (b) 9o (Au, ))(b) = (Au A 9(@)) (0) 
Au ^ Ax) (b) = (Au o A«)(b) 


= run(b). 


= 
=i 


This implies that 0(0(a,x)) = ó;(0(a),v) and hence 0 is a homomorphism. Therefore, A = 
(Q(A), X, dy). 

Thus, we have proved 

Theorem 4.2. Let A = (A, X,6) be an automaton in CCAA and let S be a semilattice 
such that S = F(A). Then A is isomorphic to some S-automaton. 
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Partial Lagrangian and conservation laws for 
the perturbed Boussinesq partial differential 


equation ! 
Huan He and Qiuhong Zhao 


Department of Mathematics, Northwest University, Xi'an, 
Shaanxi, P.R.China 


Abstract In this paper, the partial Lagrangian approach is developed to construct conserva- 
tion laws for some perturbed partial differential equations. Using that approach, approximate 


conservation laws for the perturbed Boussinesq equation. 


Keywords Perturbed partial differential equation, partial Lagrangian, conservation law. 


91. Introduction 


There are a number of equations with relatively small parameters or perturbed equations 
arising from mathematics, physics and other applied fields. To solve such problem approxi- 
mately or to construct an approximation of it gave rise to the perturbation method as well as 
approximate symmetry method. The two methods have grown up together, whose combination 
greatly extends the scope and depth of both methods in themselves. This includes their effective 
use in constructing approximate symmetries and approximate conservation laws for perturbed 
partial differential equations (PDEs). 

On the study of perturbed PDEs, in [1], approximate conservation laws were introduced via 
the approximate Noether symmetries associated with a Lagrangian of the perturbed equation. 
The relationship between symmetries and conservation laws was elaborated in [2]. In [3]-[4], 
it was shown that approximate Lie-Backlund symmetries and approximate conserved vectors 
can be utilized to construct approximate Lagrangians, and thereupon approximate Noether 
symmetries and new associated conservation laws for perturbed equations can be constructed 
by using the Lagrangians. In [5], a basis of approximate conservation laws for perturbed PDEs 
was discussed. In [6], how to construct conservation laws of Euler-Lagrange-type equations 
via Noether-type symmetry operators associated with partial Lagrangians was shown. In [7], 
Johnpillai et al found an effective way to construct approximate conservation laws of per- 
turbed equations via approximate Nother-type symmetry operators associated with partial 
Lagrangians. Recently, we gave an exact definition of partial Lagrangian and partial Euler- 
Lagrange-type equation in [8] to clarify Definition 6 in [7] which is actually the approximate 
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Lagrangian, and applied the approach of approximate Noether-type symmetry operators asso- 
ciated with partial Lagrangians to the nonlinear wave equation with damping and obtained its 
approximate conserved vectors and approximate conservation laws in general form. 

In this paper, we intend to discuss the approximate conservation laws for the perturbed 
Boussinesq equation with weak damping in terms of our new definition of partial Lagrangian 
and partial Euler-Lagrange-type equation. 


One form of the perturbed Boussinesq equation takes |?) 
Ute + (u?) oa + Ussss = €(a(u)u7 + B(u)), 


where u = u(x,t), a(u) and (u) are arbitrary functions, n is any positive integer, € is a small 


parameter. Specially, when e = 0, it degenerates into the Boussinesq equation 


Ute + (u2),4 + Urrar = 0. 


§2. Approximate conversation laws for the perturbed Boussi- 


nesq equation 


In the following, as applications of the theory presented in [8], we characterize approximate 
conserved vectors and conservation laws of the perturbed Boussinesq equation with weak damp- 


ing via approximate Noether-type symmetry operators associated with partial Lagrangians. 
Ute + (u? om + Urere = €(a(u)uz + B(u)). (1) 


We distinguish the following cases according to the choice of n. 


Case 1. n=1. Eq. (1) becomes 


1 1 
Eq. (2) admits a partial Lagrangian L = jt z's 





1 
uu? + 5 Ue: Thus the partial Euler- 
Lagrange-type equation is 


ôL 
— = €(a(u)ux + B(u)) — uz- 
ou 

Using Eq. in [8], for i = 1,2, k = 1, we have 


(Xo + X3). + D;(£à + £i) L 








= [Go — Sug) + (m — &u;)lleCo(u)us + B(u)) — uz] + Di(Bo + €B1), (3) 
where 
Xo + eX; = (6 + «D + (6 + ee + (ro + em) x + Go x +4 n Fi x. (4) 
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and 
Go = Not + Moule — (Ede + Souter) Ue — (Ebt + butte) us — ems + mau 
— (Eie + Ely teu — (El; + Gly us)us — Ef uae — E1 Ute] + e(£1 une + Puen), (5) 
Gi = Nox + Toute (éi, t Edu Usut = (Ez sr £5 tls the — elz + Mute 
Gu = Nore + Norute + (Nozu | Tlouu Ua )Ux + nouus — [Eos + fru tle 





(E0nu + dunt) Ue + EGutere) te — 2 (Eis + Eus) tet — [Ona + Saute 

(Seu + Ceuta) Ua + Cou Una] uis — (Ef, + Quin) Uns + elél Useat + E Unee) 
-FeUmaa + Maule + (Mau + Muute)Ue + Muuse — [Else + Gaulle 

+(Elou + Stuutle) us + El tas]us — (Eis + Etuis )uts — Etunot — (fee + outer 


(Eur Ei uta) Us T Ege Uz = 2(é7, + £1 Me) sin = erie (7) 


Now Eq. (3) turns to be 























Mots, — emu? — Cote + (1 + 2u)yue + Citice 


L[&5, + &y,us + €(Ete + &,uc)] + D[£os + outs + (Er, + Guter)] 
= [no — hut — bUr + €(m — Elur — &us)][e(o(u) us + B(u)) — uzl 
+e(Bi, + Biu) + (Bi, + Bite) + Boy + Bouts Bos + Bouts. (8) 




















Substituting expressions of L, Co, & and (1; into Eq. (8) and setting €? = 0, then equating the 
coefficients of zeroth- and first-order of € including the coefficients of different orders of partial 
derivatives of u in that to zero, after simplification, we have the following system of determining 
equations: 





& és Nou Tloxz 0, —T]ot — Baw = 0, 











& £2 Mu = "zx 0, —m:i-— Bi, =0, 
- B}, — B2,— B(u)no = 0, —(1--2u)m, — B2, — a(u)no = 0. (9) 


Solving system (9) results in: 
Case 1.1. 8” (u) Z 0. We have 





Eb = éf = & = =m = 0, m = (eit e2)z + est c4, By = ga(t, x), 








Be = go(t, x), B} = —(ez + c3)u + gı (t,x), B? = —u(1 + u)(et + c2) + galt, x). 


Thus, an approximate Noether-type symmetry operator for Eq. (2) reads: 








X = Xo + eX, = e[(eit + c2)£ + est 4 ca] 5 . 


The corresponding approximate conserved vector is obtained by Eq. 


, ; ; ôL ôL 
Ti = Bi LË Ds cM 
BLE We 2 Dans W 


Ou; 
s>1 


XO i=1,...,n. (10) 
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in [8] as 
T! = (-(eaz- es)u- [(et + c2)x + est + caluz + gilt, 2) }e + ga(t, x), 
T? = (us 2uus + usss)[(cit + c2)z + est + c4] — (u? + u + Use) (cıt + c2) 


+ga(t, x) fe + galt, x), 


and the approximate conservation law for Eq. (2) is 


(XT! + D,T?)|gq (2) = [o(u)us + B(u)][(eit + 02) + est + c]? = O(€). 


Where c; (i € Z) are arbitrary constants and the functions g; = gi(t,x) (i € Z) satisfy the 
PDEs: g4, gi: =9, go, + 93,1 = 9. 
Case 1.2. 3" (u) = 0. 


Case 1.2.1. 8 (u) £0, a' (u) =0. We have 








E = = £1 =] — 0, m = (cot + 1) + cat + cs, B(u) = eu + eo, alu) = es, 





1 1 
m=z [c1 (cer + c4) — c3ce] t? + 5 [ci(ezx + e5) — escz] t? + (est + cio)t + cox + c11, 


Bl = —(cer + ca)u + ha(t,z), Bo = —u(1 + u)(cet + cz) + ha(t, £), 











1 
Bl- - [situe + c4) — eace]t? + e1(ezx + c5)t + cac 4 cn ufus) 








1 1 
B? = —u(1- u) (sna | oet + cgt 4 a) €3[(cgx + c4)t + ezx + es]u + h4(t, x). 
Thus, we obtain the following approximate Noether-type symmetry operator for Eq. (2) 


ð 
X = |(cet + e1)x + cat + claz 





1 1 0 
se [glatess e) ~ eid + zler (ere + es) — eser] + (cgz + c10)t + cox 4 en} Da? 


and the following approximate conserved vector 
1 1 2 1 
T = a (cae6 — crca)é H (€3C7 — C1C5)t 5 test Hcr) + cs | £ — co| u 
1 3 1 E DP P 
4 g (crea — cace)é + 3 (Cres — caer)t gecot | gne H cgt + cg |] x 


+ciot + c11] ut + hi(t, x)) e — (cea + c4)u + [eot + ez)o + cat + es]us + ha(t, £), 


1 1 
T? = {| gleolere — en + e1c4)t? + 5 (eren c3) + c1c5)t? + (Cex + c10)t 




















1 1 
cFcgz + C11] (us + 2uus + Urre) (zacr | nct Cst 4 2 





x(u? + ut ugs) —¢3[(eet + c7)a + cat + cs]u + h4(t, £)} € 





Eq. (2) is reduced to 


ug + (U) ee + Uncen = €(C3Ux + ciu + co), (11) 
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then the approximate conservation law for Eq. (11) reads 


(DT! + D4T?)|gq.11) 





1 1 

= lolo + c4) — esce]? + glerlera + c5) — eacz]t? + (ca + c19)t + cox 4 en} 
X (caus + equ + c2) = O(e?). 

Where c; (i € Z) are arbitrary constants and functions h; = h;(t,x) (i € Z) satisfy the PDEs: 


hoe + haa = 0, hit + hae + c2[(cet + c7)x + cat + cs] = 0. 
Case 1.2.2. 8 (u) £0, a' (u) £0. We have 








& & ¿l a 0, no Cat + C4, Bj = —eau- fa(t, z), 








1 
m = geet” | zeat? + (c5x + c7)t + cot + Cs, Be = fot, x), 





1 
Bi = (Gere? + cicat + CsT 4 er) u+ filt, x), 





B? = —(est + ce)(u + u?) — (eat 4 c) f a(z)dz 4- fa(t, x). 
Thus, we obtain the following approximate Noether-type symmetry operator for Eq. (2): 


o 


1 1 Ó 
X = (eat 4 ca) 5 Fe E zeat + (esz + c7)t + cez 4 «| 


Ou 





The approximate conserved vector corresponding to the operator ¥ is 


1 1 
T! = [e + (es + ez)t + ce 4 cs) Ut E + c1cat 4 a) | nia) € 


+(c3t + c4)u — eau + f(t, x), 

















1 1 
T? = [C | zeat H (c5x + c7)t + cea 4 c) (Us + 2uus + ursa) 
( 


Cst + ce) (uf + u + Use) — (est 4 a) f ala)de + f(t) € 


F(eat + c4) (us + 2uus + Urner) + folt, x). 








Then Eq. (2) becomes 


Utt + (uA) + ussss = c(o(u)us + ciu + c2), (12) 
and the approximate conservation law for Eq. (12) reads 


(DT! + DeT*)|Bq.(12) 





1 
= gae | zeat + (c5£ + c7)t + cox + cg | (o(u)us + ciu + c2) = O(e’). 


Where c;(i € Z) are arbitrary constants and f; = fi(t,x) (i € Z) are functions satisfying 





fas fae =O, fit + Jae + c2(c3t + c4) = 0. 
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1 
Case 2. n > 1. Eq. (1) has a partial Lagrangian L = 5 t 5 Ue uu? + -u2,. The 
partial Euler-Lagrange-type equation is 
ôL 
54 = e(o(u)u? + Bu) - ud. 
Using Eq. in [8], for i = 1,2, k = 1, we have 
(Xo +X1)L + DES et 
— [(n0 — &uj) + «(m — E{us)][e(a(u)uz + B(u)) — uz] + D:(Bå + Bi), (13) 





where Xo + €X1, Co, 61 and C11 are defined by formulae (4)-(7) respectively. 

Substitution of the known expressions into Eq. (13) and expansion of it, then the vanishing 
of the coefficients of zeroth- and first-order of € as well as the coefficients of different orders of 
partial derivatives of u in that to zero, after simplification, we arrive at the following system of 


determining equations: 








£j op = nou = ee = = EÈ = Miu = Maa = 0, 

—na(u) =0, —nor — Bj, =0, —-BL- BZ, = 0, 

—(1+ 2u)nos — Boy =9, ~nu — Biu = 9, 
—(1+2u)me — Bj, =0, —Bi; — B(u)no — By, = 0. (14) 


To solve system (14), we distinguish the following two cases. 
Case 2.1. a(u) Z 0. We get the following solution to system (14): 








G=G§=&=G=m=0, m-(attc)z- ceste, Bj = galt, 2), 
B? = go(t,2), Bi--(eaz-ca)u-ga(tzx), B? = —u(1-u)(et-4 co) + g(t, £). 
Thus, we have the following approximate Noether-type symmetry operator of Eq. (1) 


o 
Qu 





X = el(cit + e2)z + eat + cu] 


The approximate conserved vector corresponding to the operator ¥ by formulae (10) is 





T! = ([-(ex-cs)u-- (eux + e3)t + eot + caju: + ga(t, x) }e + galt, £), 


T? = l[(ex + ea)t + cox + ca](us + 2uus + usas) — (crt + e2)(u? +u + usa) 


tat, xr) fe sm galt, z), 





and the approximate conservation law for Eq. (1) reads 


(DT! + D,T?)|ga.) 
= [(e +c3)t + ez + c4]|o(u)u2 + 8(u)]e? = O(e?). 


Where c; (i € Z) are arbitrary constants and g; = g;(t, x) (i € Z) are functions satisfying 


92,x + g4,t = 0, Jia + g3,t = 0. 
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the perturbed Boussinesq partial differential equation 117 
Case 2.2. a(u) = 0. We have the following solution to system (14): 
B(u)=cutes, o(u)—0, == =E=0, mo = (coz ^ es)t + cee + ca, 
m = (csz + c3)t? 4 (cet + c4)t + (cox + c7)t + eot + cs, 
B} = —(esz + ea)u + falt, £), Be = —u(1 + u)(est + ce) + folt, x), 
1 1 
By = 5 C1 (cox c3)t + cr (cea + c4)t + cot + c fa(t, x) 
2 1 3,1 2 
By =-u(1+u) gest | 5 c1cet + cgt + Cio | + filt, x). 
Thus, an approximate Noether-type symmetry operator for Eq. (1) yields: 
X = (esr et JŽ +e | Le (esz + ex)? 
= c5x + C: F Cex +c Fe|ze(esr-cc 
5 3 6 alaa gal 3 
1 ð 
=c (cox + c4)t? + (cox + cz)t + cor + cs ] 
2 Qu 
The approximate conserved vector of Eq. (1) is given by 
1 1 3,1 2 
T- s ci(esz + c3)t? 4 5 (Cex H c4)t^ + (coz + c7)t + coz + cs| u 
[s 1(€5x + c3)t? + c1(cgx + c4)t + cox + «| u+ halta} € 
€3)t + cgx + calut — (esz + c3)u+ falt, x), 
1 1 
T? - (fia (cs + c3)t? 4 5 (eor + c4)t? + (cox + cz)t + coz 4 «| (Ux + 2utus + Urea) 








Ge cyst? t crest? + cot 4 au (u? -- u + usa) + ta) 





+ c3)t + cx + ca] (us + 2uus + Uren) — (cst + cg)(u^ + u + Ure) + folt, x). 


Then Eq. (1) becomes 





Utt + 2u2 + Qutice + Uren = €(c1u + c2), 
and the approximate conservation law for Eq. (15) is 


(D,T! T D4T?)|gq.5) 





1 1 
= (eue) gei en + c3)t? 4 5 (eor + c4)t? + (cox + c7)t + cox + cg | € 


= D. 


Where c; (i € Z) are arbitrary constants and f; = f;(t,x) (i € Z) are functions satisfying 





foe + fat =9, fia faa collese + c3)t + cox + c4] = 0. 


(15) 
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§3. Concluding remarks 


In terms of our exact definition on the concepts of partial Lagrangian and partial Euler- 
Lagrange-type equation, the approximate conservation laws for the perturbed Boussinesq equa- 
tionwith weak damping have been derived via the partial Lagrangian approach. 

It comes to light that as the order of the perturbed PDE increases its corresponding 
partial Lagrangian gets more complicated, so only first-order Lagrangian was involved in other 
literature up to date. A partial Lagrangian for one perturbed PDE may not exist or exist 
but is not unique. How to determine it and forge links between them? The construction of 
conservation laws for higher-order perturbed PDEs remains also a problem to be explored. 
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Abstract This paper mainly study some identities involving Fibonacci and Lucas num- 


bers of interest. By using the properties of Chebyshev polynomials and combining 
d-1 


the elementary and combinatorial method, we establish identities that Sle; 


j=0 
d—1 d—1 


d—1 
5 LnyjLm4jt, 5 Fn FP E S E E and 5 Lu jus jug. 'These identities are ex- 
j=0 j=0 j=0 
d—1 d—1 
tensions of 5 Fn4jFm+j and 5 Ln+jLm+; which have been proved by Brian Curtin before. 
j=0 j=0 


Keywords Fibonacci numbers, Lucas numbers, Chebyshev polynomials. 


$81. Introduction 


Let n € N, the Fibonacci sequence {Fn} and the Lucas sequence {Ln} have attracted 
the attention of professional as well as amateur mathematicians, and play an important role 
in many fields of mathematics. Also there exist many identities involving these sequences of 
interest. See reference |1] for a good summary. Now we turn to the Chebyshev polynomials of 
the first and second kind T, (x) and U,(x)(n = 0,1,---) which are given by 


Be le +yz? — 1)? + (x yr? — au , |el <i: (1) 


2 


U, (a) [e+ va 1j" _ (x — yr? D jz} « 1. (2) 





1 
«O9 22 —1 


In 2007, Ma and Zhang [3] showed two nice connections between the Cheyshev polynomials 
and Fibonacci sequence and Lucas sequence, respectively. That is, let 4 be the square root of 
—1, m and n be any positive integers, then we have the identities 


Inspired by the work of professor Zhang Wenpeng, in this paper, we establish some com- 
binational identities involving the Fibonacci and Lucas numbers, which continue the work of 


Brian Curtin [4] in a different way. 
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§2. Preparations for the proofs of the theorems 


Firstly we note that there are following nice connections between Fibonacci and Lucas 


numbers (see [1]). 


Dm = m—1Lin + FL, 
Lam = (-1)™(Pingiln ix FmLn+1); 


FmLn + FnLm = 2F En; 
FaLg — FmLn = 2(—1)” Fa; 


LyLim = Lum + (D Ln=m; (6) 
SF nlm = Lum S (—1)" D, m. 


On the other hand, as to the two kinds of Chebyshev polynomials, we introduce a group 
of formulas which are useful later, when we deal with the main results in this paper. 


Lemma 2.1. For all positive integers n and m, 
Tim (zr) = Ts (z)Um(x) — Ta-1(z)Um-1(2); (7) 
Un+m(£) = Un(z)Tm(x) + Tn41(@)Um—1(2). (8) 


Proof. To make the situation quite clear, we denote A = zr4-Vz? — 1, and B = x—yz? — 1. 
Hence from (1.1) and (1.2), the terms on the right-hand side of the identity (2.4) can be written 


Ta (x)US (x) — T, a (z)Us (x) 





1 n n m m n— n— m m 
1 1 1 1 
= —=—  |A A= Sj Sarre = Ao Been ug 
ee | (A- 4) (B - g) Jat! X ) 
1 ndm ndm 
~ 5 (A TORRE ) = Tia (2). 


This proves identity (2.4). In fact, the equation (2.5) is also easily to be proved in the same 
way. Moreover, from lemma we will say more. Let x = 4, then using identities (1.3), (2.4) and 
(2.5), we can have 


qntm n+m gutm—2 











2 Ln+m =+ 2 Fya-ila = 2 FmLn4+1; 
nimel inam qnom (9) 
l Fun m 2 FL, 2 Falan: 





That is 


Lam = m-—1Ln + FmLn+1; 
2 Fan = Fnln T Fuga. 


(10) 


These formulas have been mentioned above, as a problem to be proved in reference [1], but the 
method used here is different and more simple. 
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§3. Some summations for Fibonacci and Lucas numbers 


In this section, we will introduce you some summation involving Fibonacci and Lucas 
numbers. 


Theorem 3.1. For positive integers d, m, n, and real numbers z 4 —1, 





d—1 d 
; x 
Fy Em c= = Lum — — Ln m nm Ln m— Lam 
2. Tjümajt Ba? ant) +m+2d—2 +m-+42d — £Latm-2 + Ln+m) 
bep? 
1)” Dam 11 
(9 5(x + 1) (11) 
d—1 gt 
Ln ibm j fmc Ln m — — Ln m = Ln m-— + Ln m 
2. +jLm+jt 31V +m42d—2 4m42d — £Lam-2 +m) 
1- (-1)* 
-—p— Dis 12 
+ (Cue (12) 
d—1 l 
Proof. According to the identity (1.5), we set P(x,y) = ) (—z) Un+;j-1(y)Um+;-1(Y), 
j=0 


for real numbers x and complex numbers y. So that if y = 4, we can obtain 


i 
2: 





= j 1l i 
dfs nd urat (s ;) è (13) 
Now we use (2.5) to write 
d-1 
P(z,y) = =} (2) (Un-1(y)T; (9) + Ta (y)Uj-1(y)) Um—1(y) Tj (y) + To (y)U;-1(9)) 
j=0 


= —Un-1(y)Um-1(y)Mi(z, y) — (Un-1(y)Tm(u) + Um—-1(y) Tn (y)) M2(x, y) 
—T«(y)Tm(y)Ms(z, y), 





d—1 d—1 
where Mi(z, y) = > (~£) Tj (y). Ma(z,y) = > (~x) T;(y)U;-i(y), and Ma(z, y) 
j=0 j=0 
d—1 
= (-2)/U? 4(y). Because of formulas (1.3) 
j=0 
F j= Mn Fp EM : P FL + Ln Fim) M: : E Ln M. l 
T —1 nt mvi "gs 2 nim nim 2 T 4 m Ln24V3 Tw d 


Then combining (3.3) 


d—1 " y i 
| 1 
Y Faty Fintj2) = Fa FnM (s 5) - (Fb + Lm Fm) Ms (s 5) zc LmLn M3 (a 5) . (14) 
1 
j-0 
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From above, it suffice to compute M (zx, 4), M» (zx, 4), and M3 (a, 1), respectively. However 
by using (1.1) and if x Z —1, 


; d—1 
1 23 if A2j 2j 
Mi (s 5) d (=x) (A J +2+8B 1) 


j=0 





1 | camp up. of wel, Cae 41 
4| -z4?-1 ^“ -zx-1  =-2zB?-1 

1 [(—2)4*1424-? — (—2)4 A?i 4 2 B? + (—a) 441 B? — (Cx tB? 4 24? +2 
4 | (cA? + 1) (zB? +1) 

















o (_»)\d 
157358 | 
rcl 
Ge Da x) — (2) Toaly)  a(A? + B?)+2 .1-( 
2(a A? + 1)(aB? +1) ' A(x A? - D(rB?-1)  2(z41)' 
Then let y = i, we obtain 
i ri 2— 3x 1 — (=r)? 
M. = Dora 
: (s ;) Ta? — 3041) T Da) + arx —32 43) ^ Weed 


In the same way, it is easy to derive 




















i —igt zi 
M. - Bas 
a (« 5) X33 — 3s E 1) 7 24-2 — Pea) - 303 ag pi] 
i =g? 3r —2 1—(—2)¢ 
M = Digit 2 
(s ;) 5(a2 — 3x + pe 24-2 — La) + atn aed) eri 


Then take them into (3.4), we have 


d—1 











Sena 
j=0 
gåt! 
=—— A [bFpFmLod-2 + 5(FnLm + LnFm)Fzd-2 + LnLmL2d- 
20(33 — 3a +1) [5 24-2 + 5( + )Foa-2 + 2d—2] 
d 
T 
5129 208 Loa + 5(Fn Lm + LnFm)Foa + LnLmL 
De — 3241) | 2d + S(FnLos + Ln Fim) Fea + 24] 
x 
15F, Fa + 5FyLm + 5LnFm — 3Ln Lm 
2003 — 3a 41) | uU = | 
1 1 — (-2)4 
5 Fm + 2Ln Lm] + E (5 F, Fn — Ln Lm). 
2003 — 3 4 1) | k I+ mer. ) 





Observing the relationships between Fibonacci and Lucas numbers such as identities (2.1), 
(2.2), and (2.3), it follows that 





d—1 ä 
; x 
Fn jFm ja? = E3 à a; 1) Ln m — — Lum = Ln m— Lm 
2. Tjümcjt Bla? — 3x1) 7 +m+2d—2 +m42d — LLntm—2 + Ln+m) 
1 - (21)? 


b(r-1) "™ 
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We concentrate now on the proofs of formula (3.2). At this time, it is only need to let 
d—1 d-i 


— m : yd Z iii 
P(z,y) = ) | x£) Tn+j(y)Tm+;(y), so that > AE = mem (s ;) Similarly, we 
j- j= 
use (2.4) to write 


P(x,y) = (72)! (Ta (y)U;(y) — Tn—1(y)Uj-1(y)) (Tm—1(y) Uj (Y) — Tm 3 ()Uj-1(9)) 


= Tr(y)Tm(y)Mi(a, y) — (Tn(y)Tm-i(u) + Tn-1(y)Tm ()) Ma(a, y) 
= n—1(y)Im-1(y)M3(x,y), 























d-1 d-1 
where M(x,y) = (=£) U? (y) ), Mo(a, y) _i(y), and Ms(z, y) 
j-0 2 
d-1 l 
= (=£) U} (y). Hence 
j=0 
: i 1 a 
Sling? = Inlet (s 5) — 5 (LnLm-1 + Ln-1Lm)M2 (s 5) 
i 
—Lm-1Ln-1 M3 (s 5) 2 (15) 
After computing Mi (x, i), Mə (x, 4), and M3 (x, 1), respectively, we have if x Æ —1 
i xt 24 — 3 1 — (-2)4 
M = Loa L +2 ; 
à (s ;) 5(z? — 3a + 1) (oL — Laaya) 5(z? — 3a + 1) i +1) 
; -nd ; d 
i —áx i(a + 1) — (7x) 
M: = Loq-i1— L | ; 
s (s ;) 5(x? — 3a + 1) (2224-1 2441) 5(z? — 3x + 1) is 5(x + 1) 
i an 3a — 2 1 — (-x)4 
M: s: L Loa— : 
à (s ;) 5(z? — 3x + 1) (Loa — 2L24-3) + 5(z2—3r-1) ^ 5(a@+1) 





Then take them into (3.5), we derive 


d 


; x 
5 Inj Lm 40) = 3p] Lbeeme22-2 — Lu 4m424 — £Ln+m—2 + Lam) 
1— (—1)? 





xr+1 


94. Further study 


However, we can say something more. In reference [4], Brian Curtin has given that 


d—1 


FaFu bmi: if d is even, 
j=0 g(DaLu4m4a-1 EX (—1) Lan); if d is odd. 
And 
5Fafn+m+d-1, if d is even, 


d—1 
S Lala = 
jJ=0 


Labios d-( 5D Eu aus. if d is odd. 
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By comparing these results with those in Corollary 3.2, we can easily derive an interest result: 


5E, if 2) d, 
Ln42d-1 = Ln-1 = : (16) 
Laln+d-1; if 2 t d. 


Clearly, from these formulas many more relationships emerge by specialization. In partic- 
ular, if we let x = 1, identities (3.1) and (3.2) will produce the following identities which has 
been proved by Brian Curtin in reference [4], and his results are just one of the corollaries of 
Theorem 3.1. That is 


Corollary 3.2. For positive integers d, m, and n, 








d—1 1 S" : 
»3 Pig NR 2 edd Dyan) 2 | d, (17) 
j-0 5 (Ln+m+2d-1 — Lntm—1 — (—1)” Ln-m), if 2 { d; 
$3 L Ly, m+2d i= Dre 1; if 2|d, (18) 
nt+jlm+j = z 
j=0 Ln m+2d—1 7 Ly, Fm-—1 + (—1)" P4. m, if 2 1 d. 








Here we should note that in the proof of Theorem 3.1, we hypothesize x Z —1, and if let 
x = —1, we can derive the Corollary 3.3 similarly. 


Corollary 3.3. For positive integers d, m, and n, 








= icu -F, ) if2|d 
; n4-m-—1 n4-m4-2d—1 /: 1 | , 
(71) Fn4jFm+j = i on (19) 
j=0 5(Fn+m+2d-1 = Primi = (—L) dLn-m), if 2 1 d; 
d—1 ; 
; Fntm-1 m Pnim+2d-1; if 2 | d, 
SOY LntjLm+ = m i (20) 
j=0 Fn+m+2d-1 E Fn+m-1 T (—1) dL, us, if 2 f d. 
d—1 d—1 
What's more, similar methods can be applied when 5 FnijFm4jx?, and 5 Lat 4g o4 
j=0 j=0 
d—1 d—1 
are replaced by Xo Fm+kFn+kFe+k, and 5 Ln+jLm+jLe+;j. As I know, this problem hasn't 


k=0 j=0 
been studied before. Next we will show the processes of the proofs in detail, and the results are 


given as follows: 
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Theorem 3.4. For positive integers n1,n2,n3 and d, 


d—1 1 1 
55 FrititnatiFnati = 9 bnitnetna la — z Fmitnatns—1 + 
j=0 
3 
a 
DA- Fnitno+ns+d— n4—2 
i—0 
3 
-) [--1) B cba ee (21) 
i=0 
d—1 1 
5 Eni+jlngtjlngti = gE nitna+ns+3d-1 — 5 Dni enema 
j=0 


3 
—(-1)4 Sy eee 


X (A Ras Gusto nid (22) 
i=0 


Proof. To make me pee more clear, we use n, m and e instead of nj, ng and ng. 


This time we let P(x -Y "gs pU 1(7)Us Li i (7) Ue Lii (x). It follows from (1.3) that 
= 1 i 
S Fnsi hes a eee (5) i (23) 
j=0 


On the other hand, 





d—1 
Unt k—1(£)U nt p_1(2)U erp _1(2) 
k=0 
d—1 
= b» it? Ua Oke) — T a) Ux (9] [Uma (6) T (0) — Tm(£)Uk-1(x)] 
k=0 


Ue-1(@)Tr(x) — Te(e)Up—1(2)] 
= dU, 1US 1Us a Mi (a) +  (Um—1(2)Un—1 (2) Te (x) + Us (m) Tu (a )Ue_1 (a) 

Ta (2)Un—1(2)Ue_1(#)] Ma(a) + È [Tin(2)Un—1(")Te(x) + Um (x) Ta (x) Te (2) 
+T (2)T, (z)U. 1(2)) Ms(z) + T4 (x)T« ()T. (2) Ma(z). 


where M(x) = SFT le), M(x) = iFT2(z)U, 1(x), M3(x) = i*T;,(x)UpZ_,(x), and 
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Ma(x) = 5 iU? (x). Therefore let z = 4 and combining identity (3.12), we derive 


k=0 
= i\ i i 
So Fri FmtjFery = FrFnFeMi (5) + 5 (FnFmLe + FaLmFe + LnFmFe) M2 (5) 
j=0 


^4 (F,LmLe T LnLmFe ate Ly Fy Le) M3 G) m a nU Le M, G) 


i ib i C i id i 


where a = F,, Fi Fe, b = FaFmLe + FnLmFe + InFimFe, € = FnLmLe + InImFe + LnFmLe, 
and d= LnLmLe. By computing M;(x), (i = 1,2,3,4), we obtain 





1 3 19 1 1 3 

Mile) = —Lza-1 — “it Lao + — Mole) = a — a = —; 

1(x) 16 34-1 3° d-2 + TA 2(x) gi 34-1 a d-2 — gp 
1 1 1 1 3 i 
M me Pigg eh Z: M = —— Fza-1 — it F] = 
a(x) 99 94-1 10! d 2+7 a(x) 10; 94-1 5i' d—2 + 2 


Take this group of values into identity above, we have 





d-1 
1 1 2d 
1 eagle = gg (9a * c)L3a—1 + gg Oe + d) F3a—1 + gO + c)La-2 
j=0 
124 1 
—(— d)Fa—2 4 t A 
EETA 5b + 3d) Fa-2 19 (194 3b — c 4 d) 


Compute that 
Sate = 5FpFmFe + FnLmLe + LnLmFe + LnFmLe 


= (5FpFm + LnLm)Le +5(FpLm th, Be 
= 2Ln4+mLe E 10F, Lu P. = 4Ln+m+e; 





and 
5b+d = 5Fp FmLe + 5FnLmFe + 5LnFmFe + LnLm Le 


= (ERES + LnLm)Le +5(FpLm + Ln Fm)Fe 
= 2LnymLe +10FaimFe =4Lnimte- 





The processes to compute —15a + c, —5b+ 3d, and 19a — 3b — c + d are omitted here, and the 
final results are as follows: 

—15a + c = 4(—1)* F, ome + A71)" F5 Le + 4(-1)" Fepm-n; 

—5b + 3d = A(—1)* La me + A(—1)" La 46 + 4(-1)" Lem n. 














And let C be the constant numbers C = 4: (19a — 3b — c + d), we have 
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Thus 


d—1 

5 Fn+jFm+j Feti 

j=0 

1 od 

= 20 (Lnim+teLsa p Ly, m+ eFsa 1) F 10 ((-1)°Frim—eLa-2 
+(-1)°Ln4m—eFa-2 + (—1)" Frte—mLa-2 + (—1)" L, Le m Fa-2 
+(-1)"Fe+m—nLa-2 + (-1)"Le+m—nFa—2 + C) 
1 ;2d 


4 
= jo eme Pa T p (C—L Fn+m+d-e-2 "i (—1)" Frtetd—m—2 


H-1)" EC Gard n2] +C. 














Formula (3.11), as a matter of fact, is easily to be proved in precisely same way. So that 
we will not show the processes of proof any more. Hence, we have finished the proofs of the 
theorems in this paper by now. 
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Abstract The classical Catalan number is an important counting function, and it has a wide 
application in combinational mathematics and graph theory. The main purpose of this paper 
is using the elementary method to study one kind summation problem involving the classical 


Catalan numbers, and give some interesting identities for it. 


Keywords Catalan numbers, elementary method, identities. 


91. Introduction 


For any positive integer n, the famous Catalan numbers bn are defined as follows: 


Cz) 


b, = , 
n+1 





n=0, 1, 2, ek 








For example, the first several Catalan numbers are: bọ=1, 64—1, b5—2, b3=5, b4—14, b5=42, 
bg=182,--- . This sequence has some wide applications in combinational mathematics and 
graph theory. It had been studied by our qing mathematician Antu Ming. There are still many 
people have studied its properties at present, some related papers see references |1] and [2]. 

In this paper, we shall study the calculating problem of the summation 


5 Day bas Dass (1) 


a1-ra2-cr---cay-—n 


where 5 denotes the summation over all k-tuples with no-negative integer coordinates 
a1-cà2d----rak 
(a1,02,::: , a4) such that a4 + a3 -:-: cap =n. 


We shall use the elementary method to give an exact calculating formula for (1). That is, 
we shall prove the following conclusions: 
Theorem 1. For any positive integers n and k with 2 < k < n, we have the identity 


k 2^ . m! 


k 
Yoo bubo = Y (o1) (*) (n+ km — 2k — 2n) 


ay tagt+-tap=n m=0 
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Theorem 2. For any positive integers n and k with 2 < k < n, the summation 
5 barbas- bar 
ai ta2+: = +ak =n 


can be expressed by the linear combination of bn+1, bn4+2---. Especially, for k = 2, 3, 4, 5, 6, 7, 
we have the identities 


bDNÉSÓ 100 


a,+a2=n 


5 ba, Day baz = bn+2 a bn41- 


a,+a2+a3=n 


5 bo, bos bas bas = bn+3 = 2bn+2.- 


aı+a2+a3+a4 =n 


5 bs, bas bas ba, bas = bn+4 T bn+2 = 3bn +3. 


a,+ag+a3+a4+a5=n 


5 ba, Das Das Da, Das Das = Ons + 3bn+3 — 4n 4. 


aı +a2+a3+a4+a5 +a6 =n 


5 ba, Daz Das Das Das bag Daz = bn+6 6bn+4 bn+3 5b, L5. 


a1 +a2+a3+4G4+45+a6+a7=n 














§2. Proof of the theorems 


In this section, we shall use the elementary methods and the properties of the Catalan 
numbers to prove our Theorems directly. First we prove Theorem 1. From the properties of 


the Catalan numbers we know that 


a(1- Vi-z)-2Y T. (2) 





Then from the properties of the power series we have 


oo n k oo n 
(21 — VI—a))* =x" p us —Yy | 5 ba, baz hn E (3) 





n=0 n=0 \ai+ta2+-:-+a,p=n 


m 
2 


On the other hand, note that the power series expansion of (1 — x) 


m (—1)”-m!! n (4) 





Applying (4) we have 


: 
QGü-vi-s3) = 2#. E G) 270-3? 


= (—1)”-ml!! 


k 
— oka ok, p» i) (-1)" s 2n . nl - (Ut 
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Then comparing the coefficients of z"'*^ in (3) and (5) we may immediately deduce the identity 





3 hb E jn m 
MS WE mJ (k+n)!(m — 2k — 2n) 


a1-ra2-c----cay-—n m=1 


This proves Theorem 1. 


Now we prove Theorem 2. According to (2), we can deduce the identities 





1 1 = b, xnl 
T 2 —1--— 
(1-2) a 




















Taking k = 2 in (3), we have 
2 oo 
2 1 
2. m _ ,2 n 
A(1— V1—z) —4 » ORED —c 1 au | > bat qu. 


From (6) and (10) we have 


ECOL 


ai +a =n 


Taking k = 3 in (3), and applying (7) we have 


5 ba, baz bas c bn+2 = bn41- 


a, +a2+a3=n 


Similarly, we can also deduce the identities 


5 Day baz bas bay = bn+3 m 25,15, 








ai+a2+a3+a4=n 
X Day baz bas Dag bas = bn+4 ate bn+2 2 35,43, 
aı +a2+a3+a4+a5 =n 
X ba; bas bas bs, bas bag = bn+5 T 3bn+3 = 4bn+4, 
aı+a2+a3+a4+a5 +46 =n 
1 ba, baz baz Das bas bag ba, = bn+6 | 6b, 4 bn+3 5bn+5- 
aı +a2+a3+a4+đa5 +46 +a7=n 








This completes the proof of Theorem 2. 


(10) 
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Abstract In order to obtain a larger bound of Hosoya index of the tree-type hexagonal 
systems, the zig-zag tree-type hexagonal systems are taken into consideration. In this paper, 
some results with respect to Hosoya index of the zig-zag tree-type hexagonal systems are 
shown. Using the results, hexagonal chains and hexagonal spiders with the larger bound of 


Hosoya index are determined. 


Keywords Hosoya index, zig-zag tree-type hexagonal system, hexagonal spider. 


91. Introduction 


A hexagonal system is a 2—connected plane graph whose every interior face is bounded 
by a regular hexagon. Hexagonal systems are of great importance for theoretical chemistry 
because they are the natural graph representations of benzenoid hydrocarbons P). A hexagonal 
system is a tree-type one if it has no inner vertex. The zig-zag tree-type hexagonal systems 
are the graph representations of an important subclass of benzenoid molecules. A considerable 
amount of research in mathematical chemistry has been devoted to hexagonal systems 2-18], 

In order to describe our results, we need some graph-theoretic notations and terminologies. 
Our standard reference for any graph theoretical terminology is [1]. 

Let G — (V, E) be a graph with vertex set V(G) and edge set E(G). Let e and u be an 
edge and a vertex of G, respectively. We will denote by G — e or G — u the graph obtained from 
G by removing e or u, respectively. Denote by N, the set (v € V(G) : uv € E(G)}U {u}. Let 
H be a subset of V(G). The subgraph of G induced by H is denoted by G[H], and G[V \ H] is 
denoted by G — H. Undefined concepts and notations of graph theory are referred to [11 — 16]. 

'Two edges of a graph G are said to be independent if they are not adjacent. A subset M 
of E(G) is called a matching set of G if any two vertices of M are independent. Denote m(G) 
the number of matchings sets of G. In chemical terminology, m(G) is called the Hosoya index. 
Clearly, the Hosoya index of a graph is larger than that of its proper subgraphs. 

We denote by V, the set of the hexagonal chains with n hexagons. Let B, € Wn. We 
denote by V3 = V3(B,,) the set of the vertices with degree 3 in B,. Thus, the subgraph B,,[V3] 
is a acyclic graph. If the subgraph B,,[V3] is a matching with n — 1 edges, then B,, is called a 





l'This work is supported by the Shaanxi Provincial Education Department Foundation (08JK433). 


Hosoya index of zig-zag tree-type hexagonal systems 133 





linear chain and denoted by Ln. If the subgraph B,,[V3] is a path, then Bn is called a zig-zag 
chain and denoted by Zn. If the subgraph B,,[V3] is a comb, then Bn is called a helicene chain 
and denoted by H,, (see [11]). 

Denote by T,, the tree-type hexagonal systems containing n hexagons. Let T = Ur 155 
and T € T. Let H be a hexagon of T. Obviously, H has at most three adjacent hexagons in T; 
if H has exactly three adjacent hexagons in T', then H is called a full-hexagon of T; if H has 
two adjacent hexagons in T', and, moreover, if its two vertices with degree two are adjacent, 
then call H a turn-hexagon of T; and if H has at most one adjacent hexagon in T', then H is 
called an end-hexagon of T. It is easy to see that the number of the end-hexagons of a tree-type 
hexagonal system of n > 2 hexagons is more two than the number of its full-hexagons. Let 
T € T and let B = HiH5...Hy,k > 2 be a hexagonal chain of T. If the end-hexagon Hı 
of B is also an end-hexagon of T', the other end-hexagon Hj is a full-hexagon of T', and for 
2<i<k-—1, Hi is not a full-hexagon of T, then B is called a branch of T (see [16]). If any 
branch of T' is a zig-zag chain, then T' is called zig-zag tree-type hexagonal system. Both a 
Zig-zag hexagonal chain and zig-zag hexagonal spider are zig-zag tree-type hexagonal systems 
with no full-hexagon and only one full-hexagon, respectively. 


92. Some useful results 


Among tree-type hexagonal systems with extremal properties on topological indices, Ln 
and Z, play important roles. We list some of them about the Hosoya index as follows. 
Theorem 2.1.9! For any n > 1 and any B, € Yn, if Bn is neither L, nor Zn, then 


m(L4) < m(B4) < m(Z). 
Theorem 2.2.!!6 For any n > 1 and any T € Ty, if T is not Ly, then 
m(T) » m(L,). 


Among many properties of m(G), we mention the following results which will be used later. 
Lemma 2.1.!!! Let G be a graph consisting of two components G4 and G5, then 


m(G) = m(Gi1)m(G»). 
Lemma 2.2.!! Let G be a graph and any uv € E(G), then 


m(G) = m(G — uv) + m(G — u — v). 





Lemma 2.3.!!! Let G be a graph. For each uv € E(G), then 


m(G) — m(G — u) ? m(G — u — v) > 0. 





Moreover, the equality holds only if v is the unique neighbor of u. 
Let A and B be any graphs and C be a hexagon. Let G = AQ?C. Let r and s be two 
adjacent vertices of B of at least degree two. Denote by G,,B the graph obtained from G and 
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B by identifying the edge ab with rs; by GgB the graph from G and B by identifying the edge 
bc with rs; by GcB the graph from G and B by identifying the edge cd with rs (see [11]). 
Lemma 2.4.1! Let A, B, G— AQ?C, G,B and GB, if m(A — x) > m(A — y), then 


m(GcB) > m(G;B). 


Lemma 2.5.1] Let A, B, G— A@%C,G,B,GgB and G,B, then 

(a) m(G,B) > m(G5B), 

(b) m(GcB) > m(GgB). 

We add some notations which are convenient to express useful results. For a given zig-zag 
chain Z,, denote by £f Tk, Yk, Ui the four clockwise successful vertices with degree two in one 
of end-hexagons (see Fig. 2.1.). 




















Fig. 2.1. Zy and Zy. 4. 


Lemma 2.6. Suppose G is a zig-zag chain with k hexagons. Then 


m(Zy) 5332 
m(Zy — v) 3.2.00 
m(Zx—1) 
m(Zy-1 — £k-1) 
m(Zy — Xk Uk) m 2.100 j 
: m(Zk-1 — 2, 4) 
m(Zx — yk — Yp) 20 10 ; 
à m(Zk—1 — Le—-1 — Xy 4) 
m(Zk — £k — yy — Yk) 1010 
m(Zy — Zk — yk — Ty) 1100 


By applying Lemma 2.1 and Lemma 2.2, it is easy to obtain the result. 

Lemma 2.7. Keep the notations as in Lemma 2.6, and suppose Z; is a zig-zag chain with 
k(k > 3) hexagons. Then 

(a) m(Zy — x, — zy) < m(Cg)m(Zy 2) + m(Ps)m(Zp_2 — 2&2), 

(b) m(Zy — z, — zy — yk) > m(Ps)m(Zx-2) + m(Ps)m(Zp_2 — x2), 

(c) 2m(Zy-1 — yk-1) + M(Zk-1 — yk-i — 9.1) < m(Ce)m(Zx-2 —2,..,) + m(Ps)m(Zi- — 
Tk—2— Tio) 

(d) m(Ze—1 — Yk-1) + m(Zk-i — Yk-1 — yi) + M(Ze — 2, — Le) < m(Cs)m(Zr-2) + 
m(P5)m(Zy-2 — 2&2) + m(P5)m(Zy-2 — 2, 9) + m(Pi)m(Zy-2 — Cpa — 24. 5). 

Where Cm and Pm (m = 3,4,5,6) are the circle and the path with m vertices, respectively. 


Hosoya index of zig-zag tree-type hexagonal systems 135 





Proof. (a) Set fi(k) = m(Z&), falk) = m(Zy — z,), fa(k) = m(Zy — xk), falk) = 
m(Zp — zy — Tp), fs(k) = M(Zk — yy), folk) = m(Zs — yc), fk) = m(Ze — Ye — Yp), 
folk) = m(Zy — zy — Yk — Yp) and folk) = m(Zy — £k — yx — Ty). 

Applying Lemma 2.6 to Zi — T, — Zk, Zy—2 and Zy 2 — £k—2, we get 
falk) 
= 2fi(k—1)+ fs(k-— 1) 
= 12f;(k—2) + Bfo(k — 2) + 7fa(k — 2) 4- 5fa(k — 2), 


m(Zy — T, — zk) 





and 
m(Cs)m(Zx—2) + m(Ps)m(Zk-2 — £k-2) = 18 f1(k — 2) + 8fs(k — 2). 


For k > 3, we have 





Aj = m(Og)m(Zy 2) + m(P5)m(Zi 2 — £k-2) — m(Zg — £y — Te) 
= 6fi(k— 2) —8fo(k — 2) + fs(k — 2) — 5fa(k — 2). 





By Lemma 2.1, we obtain m(Zy 3) = m(Zp_2 T, 2 zk-2) +M(Zp_2 — 2, 9fk-2), and 





m(Zy-9 — v, 3*k-2) = m(Zy-»— t, 2) + m(Zk-2 — Tyo — yk—3). Thus 
Aj 6fi(k — 2) — 8fa(k — 2) + fa(k — 2) — 5fa(k — 2) 


fs(k — 2) + falk — 2) + Am(Zy a — £p- — Yk-3) — 2m(Zy 3 — €, a — Yk-3 — V3) 











Since Zp_2 — X, — YR—3 d. is the proper subgraph of Zk-2 — x, 4 — Yr—3, then 
m(Zk-2 — Ly 2 — Jk-3) > M(Zk—-2 — f,» — Yk-3 — Yn_3)- Therefore A; > 0. 
(b) Similar to the proof of (a), by Lemma 2.6, we obtain 


m(Zy—z,— zy — x) = folk) 
fi(k— 2D 3 fae D, 


II 


and applying Lemma 2.6 to Z,_1 and Zy 1 — £k—1, we have 


fik —1) + fa(k — 1) = Tfi(k — 2) + 5fa(k — 2) + Afs(k — 2) + 3fa(k — 2), 











and 
m(P;)\m(Zk—2) + m(P4)m(Zy.» = Tk—2) = 8fi(k = 2) + 5 f3(k = 2). 
Thus 
A» = m(Pjm(Zy 3) + m(P4)m(Zy 3) — m(Zy — By — Ck — yk) 
= filk—2)—5fo(k — 2) + fa(k — 2) - 3f4(k — 2). 
Note that 
m(Zp—2) = m(Zp—2 — v, 921-2) + M(Zp—2 — 24.5 — Tk-2), 
and 


m(Zy-2 — £y 3zk-2) = m(Zy-2 — 2, 3) + m(Zk-2 — £3 — Yea); 
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A2 = filk—2)—5fa(k — 2) + fa(k — 2) — 3fa(k — 2) 
m(Zk-2 — $4.5 — Yrs) + m(Zk-2 — 9.5 — Th-2 — Yas) — Afa(k — 2) — Afa(k — 2). 








Since Zy-3—*,. .5—Uk-3 and Zk-2— £p 5—*k-2—Vk-3 are proper subgraphs of Z5 3 
then m(Zp_2 —E,. 9 —Jk-3) < M(Zp_2 —E, 3); and m(Zy 9 =T, —Tk-2—Yk—-3) < M(Zk-2— 
Bk Therefore A» < 0. 

(c) Similar to the proof of (a), (b), by Lemma 2.6, we get 


m(Cg)m(Zy. 3 — z,. 4) + m(Ps)m(Zy. 3 — x, — Fe-2) = 18fo(k — 2) + 8fa(k — 2), 





and 
2m(Zx-1 — y-2) + m(Zs-i — Yea — yi) = 6 fr(k — 2) +3f2(k — 2) + 4fs(k — 2) 
+2 f4(k — 2). 
Then 
As = m(Cs)m(Zp—2 — 2, 3) + M(Ps)M(Zk-2 — xy 3 — 2&2) — 2m(Zk-1 — yk-2) 





—m(Zy-i = Vii m Uk—1) 
= —6fi(k —2) + 15fo(k — 2) — Afs(k — 2) + 6fa(k — 2). 


Note that m(Zy—2) m(Zp—2 — TX Tk-2) + m(Zk-2 — Tro — zk—2), and m(Zk-2 — 
T, 5 €k—2) = m(Zy-»— 8. 2) + m(Zy-9— Tyo — yk—3), thus 





As = —6fi(k— 2) + 15f2(k — 2) — Afs(k — 2) + 6fa(k — 2) 


= 9m(Zi-2 — £p-2Yk-3) — M(Zk-2 — Tp—2 — Tk—2 — Yk—3) 














$. , 
—Am(Zky-2 — Lp_g — tk-2 — Zk-ak-3) — Am(Zk-2 — Xy. .2 — Le-2 — Xk-3 — Yk—3)- 





7 1 i 1 
Since Zp_2 — X, 9 — Tk—2 — Yk—-3; Zk—-2 — Lp_g — Tk—2 — Uk-3 aNd Zk—2 — Xy — Tk—2 





£k-3Yk—3 are proper subgraphs of Zk-2 — Y, oYk—35 then 





m(Zk-2 Epo Xk-2— Yk-3) < M(Zk-2 — T, 2Uk-3); 





m(Zk—2 — Lp_g — Le-2 — Yr-3) < M(Zk-2 — T, 2Uk-3); 


and 





m(Zk-2 poy Le—2 — tk-ak-3) < M(Zk-2 — Ty 2Yk—3). 
Therefore A3 > 0. 
(d) Similar to the proof of (c), we obtain 


A4, = m(Cs)m(Zy.3) + m(Ps)m(Ze_2 — xy 2) + m(P5)m(Zy 2 — 2, 3) 





«4m(Pi)m(Zk-2 — z&-2 — 2,3) — M(Zk-1 — già) — M(Zk-1 — gra — 9i) 
—m(Zy — z, — zy) > 0. 


'The proof of Lemma 2.7 is complete. 
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§3. Preliminary results and proofs 


Suppose Tı, T5 € T, and p;,q; are two adjacent vertices with degree two in T;,i = 1,2. 
Denote by Ti(pi,q1) & T2(p2, qo) the tree-type hexagonal system obtained from Tı and T by 
identifying pı with p2, and qı with qo, respectively. 

In the present section, for a given T € T, we always assume that s,t are two adjacent 
vertices with degree two in T. For a given linear zig-zag chain Zi, denote by Lp, Tk, Uk, Yy the 
four clockwise successful vertices with degree two in one of end-hexagons (see Fig. 3.1.). 




















Fig. 3.1. T(s,t) ® Zp(£p, xk), T(s,t)  Zk(Yk, Yp) and T(s,t) & Ze (p_1,Tk-1). 


Theorem 3.1. Keep the notations as Lemma 2.7. For any T € T and k > 3 (see Fig. 
3.1.). Then 


(a) m(T(s,t) & Zea, 24) < m(T(s.t) ® Zel mi a)), 
(b) m(T(s,t) & Zk (Yk yi)) < m(T (s.t) & Zk(Tp-1: 0-1). 
Proof. (a) By Lemma 2.1 and Lemma2.2, we get 


m(T(s,t) & Zu(zy. 1, 21-1) 
= m(T — st)[18fi(k — 2) + 8fa(k —2)] + m(T — t)[8fi(k — 2) + 5f3(k — 2)] 
+m(T — s)[18 fo(k — 2) + 8fa(k — 2)]) + m(T — t — s)[18fi(k — 2) + 8f3(k — 2) 
+8f2(k — 2) + 5fa(k — 2)], 











and 


m(T(s, t) ® Zy (24, x) 
= m(T — st) fa(k —2) + m(T — t) fo(k — 2) + m(T — s)[2fe(k — 1) + fz(k — 1)] 
+m(T — t — s)[fe(k — 1) + fr(k — 1)  fa(K)]. 
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Thus 


As = m(T(s,t) 8 Zp(2p_1,%-1)) — m(T(s,t) & Zp (ap, Ze) 
= Aım(T — st) + Agm(T — t) + Agm(T — s) + Aam(T — s — t). 


According to Lemma 2.7 and Lemma 2.1, we obtain A; > O(i = 1,3,4), As < 0 and 
m(T —t) 2 m(T —t —s) - m(T —t— s — Ns). So 





As > (Ay +242 + A3+ A4)m(T —£1— 8). 


Similar to the proof of lemma 2.7, we get A; + 2A, + As + A4 > 0, therefore A; > 0. 

Similar to the proof of Lemma 2.7 and Theorem 3.1 (a), we obtain m(T(s,t)& Zy(yx,y,)) < 
m(T(s,t) & SUE Ln X&—1)) and the proof of Theorem 3.1 is complete. 

Corollary 3.1. For any k > 3 and n > 0. Then 

(a) m(Ls (5,0) & Ze (ae, 24)) < mn (5,0) Zu (rj, s tk-1)), 

(D) m(La (5,0) & Zelyes¥i)) <m(Ln(8,t) @ Zu(ri s 26-1). 


94. Zig-zag tree-type hexagonal systems 


A graph G is called a zig-zag tree-type hexagonal system if it is a tree-type hexagonal 
system and any branch of which is zig-zag chain. 

We shall use Z;, to denote the set of all zig-zag tree-type hexagonal systems with n hexagons. 
For a given graph Z* € Z*, we denote Z+ the graph obtain from Z* whose every branch is 
transformed by transformation I (see Fig. 4.1). 

A graph G is called a spider if it is a tree and contains only one vertex of degree greater 
than 2. For positive integer n1, n2, ng, we use S(n4,n5,n3) to denote a hexagonal spider with 
three legs of lengths n1, nz and na, respectively (see [11]). 

If a hexagonal spider S(ni,n5,n3) whose 3 legs are linear chains, then such a graph is 
called a linear hexagonal spider and denoted by L(n1, n2, na) ( see [11]). 

Similarly if each leg of S(n4,n3, n3) combining with the central hexagon is a zig-zag chain, 
then such graph is called a zig-zag hexagonal spider and denoted by Z(n1, n2,n3) (see [11]). 
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Fig. 4.1. Transformation I. 


Transformation I. Let Z; = Hı Hə- -- Hy and Z Q H be a branch of T (see Fig. 4.1.). 
Firstly, the graph T can be obtained from T — Z; and Zķę by identifying the edge uiv; of 
Ay; with the edge sıtı of H. Secondly, the graph T" can be got from Fx sod Z5 
by identifying the edge u2v2 of Hpk—-3 with the edge sət2 of Hj... Finally, by repeating this 
operation, the graph T can be obtained. If T = Zn, only let H = Hj. 

Theorem 4.1. For any Z* € Z% and any n > 4. Then 


m(Z+) > m(Z*). 


Moreover, the equality holds if and only if Z+ & Z*. 

Proof. If Z+ is not Z*, note that the graph Z+ is obtained from Z* whose every branch 
is transformed by transformation I, and by Theorem 3.1, we get m(Z+) > m(Z*). Moreover, 
the equality holds if and only if Z+ = Z*, and the proof of Theorem 4.1 is complete. 

By repeating to apply transformation I on a hexagonal spider S(n1, n2, ng) and Zn, and 
according to Theorem 3.1, we also obtain a good larger bound of Hosoya index of Zn and 
Z(ni,na,na) as follows. 

Theorem 4.2. For any Z*(ni,no,na) € Z(ni,no,na) with n hexagons and any n > 4, 
then 

m(Z+ (ni, n2, n3)) > m(Z* (ni, n2,n3)) > m(L(ni,na,na)). 
Moreover, the equality holds if and only if Z+(n1,n2,n3) € Z*(n1,n2,n3) € Z(2, 2,2). 
Theorem 4.3. For any Z* € Zn and n > 4. Then 


m(Z+) > m(Z*) > m(L,). 
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